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CHAPTER L 

TIMBER AND DEALS. 

Chief hinds, from whence imported, Marks and Qualities, Conversion by 
Savnng, Prices of Scantlings from the Deal, Boardings and Scantlings 
from the Log* 

i 

AS the chief substance forming the manufactures treated of in this 
work will be of wood, we consider it our duty to state the principal 
features of those kinds used in building generally, and the places 
from, whence we derive them. From the natural form of a tree, its 
easy manipulation into beams and girders, the combination and 
framing of which enables us to raise structures of all kinds quickly, 
timber enters largely into everyday use. No seasoning by desiccation 
or other such processes is equal to natural seasoning, by being 
exposed to the atmosphere, and house fittings of all kinds can only 
be properly produced by those who keep large stocks in hand, used 
only three or four years after its conversion. For engineering pur- 
poses its decay from the white ant, the teredo worm, and disease and 
decay generally, is counteracted by saturation with Corrosive Sublimate, 
called Kyanizing, or with Chloride of Zinc, called Burnetizing, or by 
impregnating it with Creosote, called Creosoting. The last process is 
the most common. When wrought in houses it is usually preserved 
by painting with oil-paint, and care should always be taken to paint 
also the joints before putting together. The chief hard woods used 
are Oak, Ash, Elm, Teak, and Mahogany; and of the resinous woods, 
Bed Pine from Norway, Sweden, and Russia ; Memel, Dantzic, and 
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Eiga Fir from Eussia and Prussia ; Yellow Pine from Canada, Pitch 
Pine and Cedar. 

HARD WOODS. 

OAK is the hardest and most durable of all trees ; it is a native 
only of temperate countries, and grows very slowly. Those kinds 
chiefly imported into this country are Eiga and Stettin Oak from 
Eussia, and Quebec Oak from America. None of them are equal in 
strength or durability, however, to the native English Oak. Eiga 
Wainscot Oak is divided into three qualities, viz. — English Crown C, 
Dutch Crown H, and Common or brack quality W. 

ENGLISH ELM wood is very hard, flexible, and tough, and 
difficult to work, will stand well if kept constantly wet, hence it is 
largely used for keels of vessels, wet foundations, for piles, pumps, Ac. 
Its toughness makes it useful also for wheel naves and rims, and 
general wheelwright's work. "VYych Elm is preferred for bending 
purposes by coachmakers. 

ENGLISH ASH, again, is superior to any other English timber 
or toughness and elasticity. Used extensively in wheelwright's and 
shipbuilder's work, it is also largely used for walking sticks and spade 
handles, when from three to ten years' growth only, and indeed its v 
branches at all stages of the tree's existence, come in for hop poles, 
crates, basket-handles, hurdles, &c. It is tough and elastic, and thus 
becomes serviceable in all implements of husbandry, tools and the 
like. 

MAHOGANY has been an import into this country for 150 years. 
The finest is obtained from Domingo, the next in quality from Cuba, 
and the next best from Honduras, the latter being better known as 
Baywood. Its price prohibits its use beyond furniture, and doors for 
rooms, and in cotton mill machine frames. The Spanish Mahogany 
runs from 20 to 26 inches square, and about 10 feet in length, 
Honduras is from 2 to 4 feet square, and 12 or 14 feet long. 

TEAK WOOD or INDIAN OAK comes chiefly from Malabar, 
as well as Java, Ceylon, and other parts of the East Indies. It is 
largely used in shipbuilding, and as it seldom shrinks it is often used 
in panels of coaches. 
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AFRICAN TEAK or AFRICAN OAK comes from Sierra Leone ; 
ifi used iu shipbuilding, from its being very hard, dense, and brittle ; 
it is rhost difficult to work. 

RESINOUS WOODS. 

CEDAR WOOD is extremely durable, and specimens have always 
been found in temples of the greatest antiquity ; it is straight grained, 
easily worked, but readily splits ; it is a native of Spain, the South of 
France, and the Levant. The Bermudan Cedar is used for internal 
joiner's work and furniture. The Red Cedar, used in pencils, is a 
native of North America and the West Indian Islands, and is largely 
used for drawers, wardrobes, church furniture, &c. 

RED or YELLOW PINE is the same as the Scotch Fir or Wild 
Pine ; the best coming from the North of Europe, in the shape of 
logs, deals and spars. The Riga and Norway is the best, but Memel 
is little, if any, inferior. The Swedish timber is inferior to all others 
of this class. The timber trees of Sweden and Norway arc felled 
regardless of size and quality, the finest are selected for deals or hewn 
into square timbers, the smaller sizes are converted into boards or 
battens and mining timber ; next come the short, square, or round 
logs for sleepers, which since the disuse (owing to the scarcity) of 
Scotch or English Larch, is now a trade of gigantic proportion?, 
especially at Dantzic. Pit props and telegraph poles use up the 
remainder ; when below 2£ inches at the top, the poles are sold as 
" rickers," and still smaller, as spars. That coming from Memel is 
divided into three qualities, viz. : — crown 13 X 13 from 28 to 50 
feet,' best, middling, and second middling, or brack. 

Dantzic Baulks are from 14 to 16 inches square, and 40 feet long 
average. Crown still larger. 

RIGA FIR is 13 inches to 14 inches square, and 40 feet average; 
when used as beams it should be sawn longitudinally and the ends 
reversed, as the Tieart is often shaky, which can, by this means, be 
tested. Riga also sends us a considerable number of masts and spars, 
18 to 25 inches diameter, and 70 to 80 feet long, those of less than 
18 inches being called spars. Planks and deals of this timber/ from 
all ports, are largely sent to this country. 
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RUSSIAN RED TIMBER is sent us also as lathwood. Trees 
from 9 to 12 inches diameter are cut into lengths of 6 or 8 feet and 
split into segments, the heart wood is then riven off and left in the 
forests as firewood. In Southern Russia fir trees will attain a diameter 
of 2 feet in 50 years. 

WHITE FIR or DEAL is the produce of the Norway Spruce ; 
the spars are from 50 to 60 feet long and 6 to 8 inches thick, chiefly 
used for scaffold poles, ladders, oars, and small masts. American 
Spruce is inferior in quality, but both are imported in the shape of 
deals, planks, &c. Young trees from Christiana are sent also here as 
scaffold poles, some growing so rapidly as to be 50 or 60 feet long, 
without a branch. 

AMERICAN WHITE or YELLOW PINE is imported in large 
logs, it is well fitted, when seasoned, for all joiner's work and mouldings. 
In America it is used largely for shingles to cover houses. It makes 
excellent masts. The best class of Pine is that shipped from Quebec, 
and the best class of Spruce that sent from St. John's. Rafted or floated 
Deals are shipped from all Canadian ports except St. John's, and this 
creates a value in their favour, as they are thus bright or unwatered. 
The floating of timber damages the goods. 1st. It discolours them, 
especially the sappy parts, makes them gritty ; and 2nd. They are apt 
to crack in drying. Bright Deals on the other hand, if shipped in 
good condition, will reach this country as clean as when first sawn. 
Best Canadian timber in baulk is known as Waney and Board Pine ; 
an inferior quality being known as Building timber. 

PITCH PINE is a native of Canada, and large quantities are 
shipped from Florida and Pensacola ; its elasticity is remarkable. It 
is much used for deck planking, pumps, and troughs. 

As stated before Red and Yellow Pine, White Fir or Spruce, and 
American White or Yellow Pine, and Pitch Pine are largely imported 
in planks, deals, battens, &c. They are called planks when over 11 
inches wide, battens when 7 inches wide and under, and deals when 
between 7 and 11 inches wide. They vary in thickness from 1 to 4 
inches, and the following are the chief sizes, viz. : — 

11 X 4 11X3 9X2 7X1J 7 X U 7x1 
9X4 0X3 8X1} 8X1 

7X3 8X 1J- 
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In American Yellow, Pitch Pine, and Spruce, the widths may run 
as high as 18 inches to 2 feet, though seldom in the two latter kinds. 

Planing machinery having been largely introduced in Sweden and 
the Baltic ports, they often also import flooring 1 inch and 1 \ inch 
thick, ready prepared, and even mouldings. 

Deals are often branded with a variety and number of trade marks, 
chiefly denoting the quality. Strange, a crown has been used from 
time immemorial over wjiole continents from which we derive our 
supplies, and we append a short list of the principal marks used on red 
deals, with the port from which they are shipped in Norway, Sweden, 
and Russia, 

NORWAY. 








HRISTIANA. 




1st. 


2nd. 


1st & 2nd Mixed. 


3rd. 


4th Quality. 


A xT 


A X H 


IM 


AO 




HH 


AHS 


HRH 


AW 




HPW 


BHF 


WME 


AWW 




Hx W 


OxS 




B 




LM 


FHB 




• DLD 




MS 


FVB 




HxH 




NxS 


H&S 




HtTW 




PMA 


HylS, 




MHM 




SIB 


HMS 




EB 




TIH&S 


HSW 




SxS 




VED 


LB 


/ 


TBB 




WFI 


,PX w 

RRB 


4 










Drammen. 


• 


E x E 


A3S 


AN 


AA 


K 


EixE 


AN2 


T^B 


A X B 




EviiiE 


B 


A3B 




viiiE 


C&C Q 




AH 




IB 


viiiE 




CO 




JIB 


HK&0° 




E 




M) 


I 




EE 




II 




E X E 






IXE 




H 






I EI 




HO 






IBP 




HxH 






I2S 




HK 






J2R 




IE 




' 


K2S 




II 






KW 




HE 
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Dbammen.— Cbnttfttcad. 



1st. 



2nd. 



AK°0° 

H*B 

JB 

JN J 

SFA 

WfBB 

WfBU&G 

WItiL&0° 

WIES 



PWT) 
FWT 
FWT 
TI 



MxN 

Nii 

NJ 

Nil 
S-0 
T#M 
T x T 

XX 



AKO° 

BxB 

KxK 

MM 

8FB 

WW 



FWT 
T4 
XX 



1st & 2nd Mixed. 



3rd. 



FBEDERIOSTADT. 
AT&O 

FSM 



LATTBYia 



IW 

JII 

J3B 

K3S 

LL 

L — L 

NAM 

NB 

NiiiB 

Nxxx 

P 

Biii 

SO 

SxO 

TB 

T,M 

TT 

WD 

* 



OxS 
FSO 

g 

HBT 
SWS 



T3 



4th Quality. 



HBF 



Skier Poesoeund, Kragusbo, and Thbondjem. 



INI 



C2S 

HG 

LxM 

Nx W 

8x8 
VB 



HB 
HBJ 



HBK 

HxO 

HH 

Nx V 

VG 

VV 

WW 
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SWEDISH POETS, 



GOTHENBTJBG. 



1st. 


2nd. 


1st & 2nd Mixed. 


3rd. 


4th Quality. 






ALO 


A X 


LxO 






OFW 


CxG 


X M x 






D B & C° 


xox 


ss 






H * C? 

HSH) 

M j 


DDD 

EW 








G 








JC&C° 


GAW 








0*L 

SB&C* 

Skepsta 

UB ) 

B&0° J 


JW 
L * L 

S $ B 








S * F 




• 




TJX« 








WALL] 


WM 






• 


w*s 








Gefle. 






PM 


ExO 


BB 


BL 


Ox XB 


EWftS 


EWxS 


C«B 


OxB 


DM 






OVB 


Ox XB 


E *B 






DM 


DxA 


E x XB 






EIB 


DOM 


+ M + 






EKB 


EIIB 


P 






GBA 


E xB 


SAG 






J«P 


HA 


W 


V 




KAB 


HAB 


* * * 




• 


KH 
KHB 
SEB 

SODEBHAM. 


JP 

NAS 

Wxs 




ESB ) 


MxT 


CxD 


BO 




STH 


ESB 







JFS 


V 


GC&C° 


GG 




MfBT 




MABMA 


GGG 


- 


W 




OOO 
OW&C<? 


MB 
MMM 

OW 
x w 

SST 


- 
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HXJDIKSVALL, NOBKOPING, 0UNDSWALL, STOCKHOLM, LOJTJNB, AND Mo. 



1st. 


2nd. 


1st & 2nd Mixed. 


8rd. 


4th Quality. 




S«B 


SxB 


CE 


DDD 


JEFO 


TUNA 




FIIK 


F&C P 2 


OX 




- 




F&C° 1 

GE 
J«F 


JEF 
KxT 

NW 










JGGG&C° 

MX 

OB&C<* 

W&E 

WIEA ) 

MIXED) 


.NX 

EAE 

EEE 

WW 

WIEA \ 

TEETIA/ 












1 


WWB 








BUSSIAN POETS. 




Uleabobo, St. Pktebsbttbg, and Bjoeneboeq. 




M 

red) 


CMB 


BSSO 


BO 




■ 


NBii 


B ) 

US) 








B 


PB2 








FJF 




- 








JIG 




' 




• 




NBI 










^ 


PB 








/ 




PEUSSIAN POET. 






Dantzic. 


< 


Crown Deck. 


Crown Brack Deck. 




COB \ 




OOB 




EH 




EHEHEH 




FGF 




JCBf 




JCBJOBJCB 






ffiEJ 




SKSKSK 




SKSK 





Deals from Eussia and Finland are principally of 1st and 2nd 
qualities only, and usually, however, branded with the blow of a 
hammer and not stencilled like Swedish goods by red paint. Brands 
are at all times perplexing, as in some cases, Deals marked 2, 3, 4, 5 
and even 6, do not denote quality, but simply the No. of yard from winch 
they are taken. Goods from Canada axe not generally branded, but 
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the different qualities of Pine Deals are seen by red marks on the sides 
thus, — i, ii, iii, denoting first, second and third qualities. 

Hewn timbers are generally branded with the hammer at the ends, 
but the quality of Memel timber is given by marks with a scribe in 
the centre, i, ii, for bests and seconds. Dantzic timber is readily told 
from other kinds by a multiplicity of private marks in the centre. 

Log timber of aU kinds and Deals are now universally converted 
into scantling and boards by means of machinery, viz., reciprocating 
frame saws and circular saws. In London, a diilerent system of charging 
sawing of deals is adopted to that ' in the provinces, viz., cuts are 
charged so much per dozen, the price varying with the length ; ripping 
being called flat-cuts in the same way. We prefer however the 
country method, by which all cuts in the deal or log are charged for 
at per 100 feet super., and all rips or flat-cuts under 6 inches, are 
charged at per 100 feet lineal, and we herewith give the usual list of 
prices for this work, viz : — X fnt». 

Oak • . .4/0 per 100 ft. super. 1/6 ripping per 100 ft. ran, each 4d. 



Mahogany » 5/6 


i) 


1/6 




>» 




„ 4d. 


Memel ... 2/6 


»» 


1/0 




»> 




,. 2| 


Swede & Yel- 














low Pine . 2/3 


>» 


lOd. 




>» 




„ 2J 


Pitch Pine . 3/9 


»• 


1/6 




t* 




„ 3d. 


Deals . . .1/9 


»» 


9d. 




»> 




3 


Planing Deals 1/6 


»» 












Chipping, do. 1/0 


»> 












Matching, Bebating or 


Grooving 


for Hoop 


Iron, 


3d. per 


100 ft. 


super. 



The prices of Deals vary according to their qualities, the current 
rate of freights and scarcity in the market. Our average present rate 
however would be as follows, viz :— 

Spruce £9 15 per standard. 

1st quality, red 16 10 

2nd do 13 10 

3rd do . . 11 

Best Pine Deals (bright) .... 23 

Do. (floated) .... 22 

2ndsPine 15 

As a guide to those who are not thoroughly conversant with timber 
in standards, and prefer quotations by the foot run, we append a 
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scantling list we established some time ago, and which contains the 
chief sizes to be obtained from Deals, and in designing works of any 
kind, it is advisable to select scantlings of some of the sizes given, as 
we shall hereafter shew that if log timber is obliged to be used, the 
increased cost is considerable. (See pages 11 to 13.) 

We also give the cost per square, that is, of 100 feet super, or 10 
feet by 10 feet of boardings out of Deals, and their cost when planed 
and prepared ready for use in flooring. (See pages 14 and 15.) 

With regard to log timber and its conversion, in arriving at the 
correct value of scantling cut from it, a number of things require to be 
taken into account. Having arrived at the cost price of timber as 
bought from the place of export, adding freight (always varying), and 
insurance, dues, &c, you arrive at the prices at which you are prepared 
to sell, bearing in mind that the value is increased or decreased in 
accordance with the average size or number of cube feet in each log, as 
generally large sized timber is more valuable than small sized. Then 
the lengths of the pieces to which it requires to be converted are taken 
into account ; thus, if you wish pieces 8 feet long, and the logs mostly 
run 23 or 31 feet, the odd 7 feet is left on hand after the log is cut, 
and is not so valuable in this short length. The log may also be. 12 
by 12 inches, and the scantlings you require 6 by 8 inches, thus only 
cutting two pieces, and leaving a slab 12 by 4 inches on hand; this 
again is not so valuable, and increases the cost of the scantling. In 
addition to this there is the risk of the log turning out unsound. 
From a very lengthened experience in converting timber generally of all 
kinds we are able to give the table on page 16 as a guide, showing 
the value of different-sized sections of converted scantling at per cube 
foot, the timber from which it is cut being valued at its ordinary selling 
price in the log. It is assumed that an equal quantity of each of the 
sections of scantling are cut from each size of log mentioned at 
top of column, and the price given is the mean average cost As, in a 
variety of cases, the slab on outside pieces need not be sawn off, we 
give two rates—first, with slabs one or two sides of the scantlings, 
and secondly, scantlings sawn all round. We have not mentioned sizes 
which may be readily got from deals, nor have we quoted for sizes 
which cannot be got from the kind of timber used. 
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7 in. only 

6,7 

7 

9 

7 

7, 9, 11 

»,n 




7, 9, 11 in. 

7, 8, 9, 11 

7, 8, 9, 11 

7,8 

7, 8, 9, 11 

6, 7, 8, 9, 11 

7, 8, 9, 11 
7.8 

7, 9, 11 
7,8 
7, 9, 11 


M 


284 
354 
425 
567 
710 

853 
1134 
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There can be nothing of greater consequence to those building than 
a proper understanding of the conversion of timber and the selection 
of such sized logs as will cut into scantling to the best advantage. 
Few builders can afford to have large quantities of waste and slabs 
thrown on their hands, and it will be better always to submit a list of 
the scantling, giving number, length, and size to any large saw mill 
proprietors for a price per cube foot of the converted scantling, sawn all 
round or with one or two slabs, as the case may be, as they have 
markets for the waste material. For general estimating purposes the 
above table will be found reliable. 
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CHAPTER II. 
JOISTS, FLOORING, AND GIRDERS. 

Single joisted, Double and Framed Floors ; Scantlings of Joists, Wall 
Plates, Binders, Ceiling Joists and Girders. Flooring — Cost of Various 
Kinds, Value of Labour, Transverse Strength of Beams, Strength of 
Pillars, Posts, and Tensile Strength of Materials, with Examples. 



AS we intend in this treatise to follow all the descriptions of work in 
their natural rotation, that is, as each portion would be required, 
supposing a building in course of erection, we come now to the ques- 
tion of joists and flooring. The timbers used in forming the floor of 
a room are called naked flooring ; when the bearing between the walls 
runs fcom 15 to 16 feet, simple joids (see Sgs. 1 and 2), are used to 

Fig. 1. 
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Kg. 2. 
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support the floor, and where there is a ceiling under, the ceiling laths 
are simply nailed to their bottom edge. A piece of timber called a 
wall plate (usually made the same thickness aa a brick, so as not to 
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interfere with the proper coursing of the brickwork is used at the ends 
of the joists to equalise the bearing on the wall. This is the simplest 
possible floor, and is called the single joisted floor. The joists are 
usually 12 inches apart or 16 inch centres. Their scantling varies 
according to the span of the room and the load it has to carry. The 
following table will give the usual sizes of joists for ordinary dwelling 
houses for every length of 5 feet, the joists being ^aken as 12 inches 
apart and also the usual sizes of way plates, the scantlings being in 
preference chosen from deals as being most easily procured. The 
weight to be sustained by floors are for — 



Dwelling Houses 

Public Booms, Lecture Booms . . 

Warehouses, Factories, &o 


Per ft. super. 
Ij cwt. 

2£ ,, 




Scantling of Joists. 










jGIlglD. Of 

Bearing. 

5 .. 4 J X 2 .. 4 X 2£ 

10 9 X1J .. 7 X 2J 

15 .. 11 X IJ .. 10 X 2 

20 11 X 3 10 X 4 

25 .. 12 X 3 .. 11 X 4 


i 




3J X 
9 X 


3 
2J 


Scantling of Wall Plates. 








Joists, up to 10 feet 
„ From 10 to 20 
„ „ 20 to 30 




3 

7 


XXX 

CO CO CO 


, 




When the bearing exceeds 10 feet it is usual to place herring bone 
strutting, consisting of pieces of wood about 3X4 nailed in a line 
and between and across the joists from the top 
of one to the bottom of the next. (See fig. 3.) ^M 
When joists, owing to fireplaces, staircases, &c, § 
cannot have a bearing on the wall, a trimmer is Fig. 3. 

used, its thickness being increased \ of an inch for each joist carried 
by it, but the same depth as the joists. The joists to which the 
trimmer is fixed are also made thicker to allow for their being weak- 
ened by the tenon of the trimmer. (See fig. 2.) To prevent the 
passage of sound, pugging is often adopted in the best style of houses. 
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which consists of thin boards in short lengths, making as it were a 

second floor laid between the joists and resting on 

fillets nailed to the lower edges of the joists 

covered with about 3 inches in depth of lime, 

mortar, 'earth, or light ashes. {See fig. i.) The ^ *■ 

weight of common single joisted floors may be taken as 740 lbs. per 

square. # 

On ground floors of buildings sleeper walls or brick piers may be 
huilt, thus reducing the length of the bearing and so saving scantling 



=9 



Fig. 6. 

in the joists. (See fig. 5.) The weight per square of this flooring 
may be taken as 300 lbs. per square. 

A double fioor consists of three tiers of joists where ceilings occur, 
viz. binding joists, bridging joists, and ceiling joists. The binders 
(see figs. 6 and 7) have their ends resting on the walls and are usually 

Fig. 6. 




6 feet to 10 feet apart. The bridging joists are notched on the top to 
which the floor is nailed and the ceiling joists carry the lath and 
plaster of the ceiling. Proper scantlings for binders are given in the 
table below, their distance apart being taken as 6 feet. The weight of 
double floor framing on an average is 990 lbs. per square. 
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Length of 

Bearings. 

Ft. In. 

5 


7 X 3 or 9 


7 6 


9X3 


10 


9 X 4 or 11 


12 6 


11 X 4 


15 


12 X 4 


20 


13 X 6J 


25 


15 X 7* 



X 3 



Ceiling joists should never have long bearings, as their tendency to 
warp cracks the ceilings. The following table gives their scantlings 
when 12 inches apart. 



Length of 
Bearings. 
Fc. In. 

4 


2J x H 


or 


2 X2 


5 


2 J X 2 






6 ... 


3X2 






7 ,.. 


3 J X 2 


or 


3 X 2* 


8 


4X2 


or 


3 X 2J 


9 


4£ X 2 


or 


4J X 2J 


10 


4£ X 2£ 


or 


4JX3 


12 


5X3 






14 


6X3 







or 4 X 3 



PEAMED PLOQES have the binders framed into baulks of timber 
called girders, which last rest upon walls or piers. (See figs. 8 and 
9.) When baulks of large timber are used as girders, they should be 

Fig. 8. 




Fig. 9. 
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sawn down the centre and reversed, and the two parts bolted together 
to prevent twisting : besides testing the quality of the timber, an 
additional strength can also be gained by putting in a plate of iron, 
the full depth of joist, usually l-20th of the width of baulk* This is 
termed a flitch girder. The weight of a framed floor is, on an 
average, 1,288 lbs. per square. For girders 10 feet apart the follow- 
ing table gives the several sizes, viz. : 

Length of 



Bearing. 
Ft. In. 

10 


15 





20 





25 





30 






11 X 5J 


or 


12 


X 


4 


13 X 6£ 


or 


11 


X 


11 


15 X 1i 


or 


13 


X 


13 


17 X 8* 


or 


14 


X 


14 


20 X 10 











It may be useful, as a guide, to state the comparative cost of these 
four different kinds of joisting. Taking, therefore, a floor single joisted 
with floor and ceiling-joist fixing included, as being equal to 100, 
the comparative cost of a ground floor, as^shewn in Pig. 5, will be 58, 
to which the cost of piers or sleeper wall should be added. Double 
floor, as shewn in Figs. 6 and 7, will be 141, and a framed floor, as 
Figs. 8 and 9, would be 1 70. 

Floor boards vary in thickness, and are kept in stock ready planed, 
and can be procured f , 1, 1£, and 1 J inches thick ; their actual 
thickness is really £th inch less than this, owing to the loss by saw 
and plane ; they are generally 6 J wide, but can be prepared 4£ or 5 J 
wide, and many architects prefer it laid in these narrow widths. 
They should be thoroughly seasoned, as they readily shrink \ and a 
curious fact is, that no matter how long a floor has been laid, should 
it be taken up and reshot on the edges, it will again shrink. The floor 
boards are generally laid folding ; that is, four are placed together 
and forced downwards between two or more already nailed down, in 
which case, the edges will be plain as at a in Fig. 10, or straight 
joint when laid as in Fig, 11, in which latter case the heading joints 
are splayed or tongued, as shown at b f d, g, and 7*. Their edges may 
be ploughed and tongued, as shewn at b } or rebated as at c, or the 
tongue may be either of a loose strip of wood or hoop iron, as 
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Fig. 10. 



—* 






I 



I 



Fig. 11. 




at d, e, or as we ourselves prefer it, the tongue may rest on the 
joists, as at /, the boards being brought close together by means of 
the flooring cramp. ' 



The following Table gives the comparative cost of floor boards laid 
in Spruce, common and best Eed, per square of 100 feet super. . 



Weight 

in 

lbs. per sq. 



Thickness 

of 

Floor. 



Cost planed 

Boards, 

ready for 

laying. 



Cost 
of 

Nails. 



Cost 

of 

Labour. 



Bemarks. 



Total cost 

per 

Square. 



213 
283 
425 
853 



213 
248 
283 
354 
425 
567 
710 
853 



213 
248 
283 
354 
425 



* 

i 
1 

li 
1* 



Spruce, at £9 per Standard. 





8. d. 


" 4 


9 10 


1 


12 3 


1* 


17 


3 


29 6 



8. d. 

3 
4 

10 

1 6 



8. 


d. 


2 


6 


2 


9 


3 


8 


6 


6 



7 widths 
9 widths 



2nd Eed, at £13 per Standard. 



* 


11 10 


1 


13 
15 3 


li 
1* 

2 


18 3 
21 6 
27 10 


2± 
3 


35 
41 6 



3 
4 
4 
8 

10 

1 
1 4 
1 6 



2 
2 
2 
3 
3 
4 

m 

O 

6 



6 
8 
9 
3 
8 
8 
6 
6 



>7 widths 



9 widths 



Best Bed flooring, £17 per Standard. 



14 10 
16 6 
19 3 
23 6 
27 6 










3 

4 
4 
8 



10 



2 


6 


2 


9 


2 


9 


3 


3 


3 


9 



7 widths 



12 7 

15 4 
116 

1 17 6 



14 7 

16 

18 4 
12 2 
16 

1 13 6 

2 1 10 
2 9 6 



17 7 

19 7 
12 4 

1 7 5 
1 12 1 



24 



WoodaiidjU Uses. 



As the cost of labour varies in different localities, we append the 
constants for labour in framing floors per cube foot. 



Days of Carpenter. 






i 


Ground 
joists. Bond 

timbers, 
Plates rough. 


Rafters, Pur- 
lins, Ceiling 
joists, &c. 


Bough 

frames,uaked 

floors, &c. 


Trusses. 


16 sqr. in section and under 1 
6 »> }t • 
SI >> » 
Over the above . 


•04 
•04 
.035 
•03 


•06 
•05 
•046 
•04 


•1 

•07 
•06 
•05 


•12 
•1 

•07 
•06 



Laying floorboards, machine planed and edged per square : 







Laid folding, 




Broken joints. 


and tongued, and 
splayed headings. 


*■ 


•45 


•54 


1 


•50 


•60 


H 


•69 


•71 


i* 


•67 


•80 


2 


•85 


1-02 


2 l - 


•99 


1-18 


3 


1-15 


1-38 



As a guide to the sections that should be used in lintels, beams, 
joists, &c, we append the formulas for calculation. Taking, first of 
all, a beam supported at both ends, and loaded in (ff) 

the middle, as in Fig. 22. ^ jr 



The formula in this case is W = 2 S b d* 



Fig. 22. 



W 

s 

b 
d 
I 
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(1) 



breaking weight in lbs, 

constant determined by experiment, a list of which is 

given in the table (page 25) for different materials, 
breadth in inches, 
depth in inches, 
length in inches, 
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TABLE OF MECHANICAL PROPERTIES OP THE MATERIALS 

OF CONSTRUCTION. 



Weight of a 

cubic foot in 

lbs. 



Ash or Beech . . 
Box (dry) 

Bnu»(ckrt) .. .. 

Bricks 

Brickwork . . . . , . 

Chestnut 

Clay 

Coal 

Copper (cast) . . 
Deals (red) . . 

„ (spruce) .. .. 
Earth (rammed) 

Elm 

Fir(Riga) 

Glass (plate) . . 

Gold 

Gravel 

Granite 

Iron (wrought) . . . . 

„ (cast solid) 

Ivory 

Lance wood . . 

Larch 

Lead 

Mahogany S 

Marble 

Mercury 

Marl 

Mortar 

OakE 

,, (Dantzic) .. .. 
,, (Canadian) . . 
Pine (Pitch) . . . . 

„ (Bed) 

,, (Ainericn yellow) 

Poplar 

Sand (river) . . 

Silver 

Slate 

Steel 

Stone 

Teak 

Tin (cast) 

Water 

Walnut 

Zinc . . .... 

^- — T« '■ i f ■— ■■ ■» ■ ■ « ■■« ii ■ 



I 



47—53 
60 
525 
130 
112 
41 
119 

77—100 
549 

36—43 

21 

99 

36 

47 
153 
1203 
120 
165 
481 

114 

63 

32 
712 

50 
164 
848 
118 
107 

58 

47 

54 

41 

43 

28 

23 
117 
644 
180 
486 
120—170 

41 
455 

62 

41 
439 



S value of the 
co-efficient of ab- 
solute transverse 
strength. 



12,156 

18,000 

280—300 
10,660 



19,000 
9,372 
9,900 

6,690 
6,618 
9,400 



42,000 
39,000 

17,350 
5,118 
3,300 

11,500 



50 
10,032 
8,742 
10,596 
9,792 
8,046 
6,612 



9,600 

100,000 

1100-2360 

14,772 

4,600 



7,000 



Value of a re- 
sistance to 
crashing per 
sq. inch in lbs. 



8 



Tenacity per 

square inchi] 

lbs 



in 



9,000 

10,300 

10,300 

560—800 


14,700 

19,800 

18,000 

280 




11,900 


6,586 
6,293 


19,000 


10,300 
6,000 


14,200 

12,000 

9,400 


40,000 
115,000 


51,000 
20,000 


5,570 

8,200 
6,060 


23,000 
9,500 
3,300 

19,000 


10,000 
7,700 


50 
13,300 


6,790 
5,400 


7,800 
7,800 

6,016 


6,000 
12,000 


12,000 
100,000 

12,460 
4,600 


7,227 


8,460 
7,000 



, / 
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W 

Factor of safety when load is fixed, is — 

W 

„ when a moving load is — 

(a) If fixed at one end and loaded in middle, ^g © 
take 1 J W. fsi 

(b) If the beam is fixed at both ends and loaded ^ ® 
in middle, take 1 J W. %m 

(c) If fixed at one end and loaded at the other, take g^ g 

JW. v 1 

(d) Where loaded all over, take 2 W. 

(e) "When the load is applied to any other point, © 

as at D, the formula (1) becomes W = ~ '""^ 

6 a c 

(/) When loaded in the middle, in which the span is taken in 
inches as before, the readiest formula to find the breadth, when the 
depth, length, and breaking weight is given is 

3ZW (2) 

b = 2 d* S 

•**i, x, • /, j- 3 /3Z W (3) 
or if the beam is square, o = a = / v ' 

W7ia^ breadth should a Riga Fir beam be that i# 12 inches deep, 
to can % y a wall 10 feet high of 14 ««c/i brickwork; the 'clear span 
being! 2 feet ? 

Here the weight to be carried is 12 feet X 10 ^ ee * X 1 foot 2 

inches = UOfeetcubeat 112 lbs. = 15,680 lbs., equal to 7,840 lbs. if 

loaded all over; which again multiplied by the factor of safety, 

5 = 39,200 lbs. ; then formula (2) 

7 3ZW, * _ 39-200 _ QQ . , i, 

b = becomes b = = o"8 inches nearly. 

2#S 4,432 J 

Example : What is the safe load distributed all over for a piece of 
Riga Fir, 12 inches deep and 6 inches wide, placed over opening 12 feet 
in clear, and built in at each end ? 



tei 



Then by formula (1)W | : S~~ becomes W= 2 X 6,648 X 2 = 

v 

26,592 lbs. dividing by the factor of safety, 5,318 = safe load in 



Joists, Flooring, and Girders. 27 

middle, and 10,636 lbs. distributed all over; it is built in at both 
ends, however, hence — — == 15,954 lbs. safe load. 

While we are on the subject of strains, and to avoid recurring to 
it again, we will now, having considered the transverse strains or the 
resistance of materials to being broken across ; take into account their 
tensile and crushing forces, and first as to its resistance to crushing. 
When materials are subject to a compressing^brce in the direction of 
their length, as in columns, struts, &c, they will either yield by 
bending, or by the crushing of the fibres, or by both together. This 
depends on its length as compared by its diameter. 

If its length equals 30 times its diameter, it will break by bending. 

If „ less than 25 times „ „ both by bending 

and crushing. 

If » „ 10 „ „ „ by crushing only. 

The best formula for bending only, or when the pillar is more than 
30 times its diameter in length is 

W = 3 —~ (4) ' 

V 

in which W equals breaking weight of very long columns in lbs. 
„ a = constant giving in table. 
„ d "=^ diameter of pillar in inches. 
„ I = length in feet. 

W 

„ factor of safety = 

When a pillar is more than 10, and less than 25 times its diameter 
in length, the formula becomes 

W + 4. o a ( 6 ) in -which C is the area 

of column, and W 1 the breaking weight of the column. 

When under 10 feet the area of the support is simply multiplied 
by its resisting powers to crushing. 

Example : What weight will a piece of Riga Fir support safely if 
4 inches square and 3 feet long t 

4 X 4 X 6,000 = 96,000 lbs. factor of safety — therefore 

9,600 lbs. is the safe load. If the piece was round, say 4 inches 
diameter, then 9,600 X 7*854 = 7,539 lbs. or safe load. 
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Example : What weight will the same piece carry if 10 feet Ung 
and 4 inches diameter ? 
In this case take formula 4 

W = *±* = 3 X 6,000 X 256 = ^^ ^^ ^ 

load = 4,608 lbs. 

Example : What weight will the same piece carry if 7 feet long? 
In this case take formula 5. 



W* = 



W + I C a 



w = 3_^ = 3_XM00^56 = H041 

C a = 4 X * X 6,000 = 96,000. 

94,041 X 96,000 
therefore W 1 = Qfi QQQ 4- 79 QQQ = 54,372, therefore safe load 

= 5,437 lbs. 

As the strength of cohesion must be proportional to the number of 
fibres in the wood or its area, it follows that its tenacity, or the weight 
which will tear it asunder lengthways will be found by multiplying 
the number of square inches in its section by the tensile strength 
given in column 4 the table-factor of safety being one-fourth. 

Example : What force will a piece of Larch take to pull asunder 
when its section w4X^ 

4 X 4 X 9,500 = 152,000 lbs., which divided by 4, gives 
38,000 safe tensile strain. 
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CHAPTEE III. 
EOOFS AND KOOFING MATERIALS. 

Carpentry of Roofs of Various Kinds for Dwelling-houses, Temporary 
Buildings, &c», Weight of Coverings to Roofs, Strains on Same, Details 
and Comparative Cost of Slate, Tiles, Felt, Zinc, and Iron Coverings to 
Boofs. 

ROOFS are classed according to their form — they are simply sloping 
surfaces at varying angles for the purpose of throwing off rapidly 
rain or snow from the building they cover. The slope given to roofs 
should vary only with the materials used in the covering unless archi- 
tectural effect is required. The following are good slopes : — 

Height of Roof in 
parts of the span. 

l-40th. 



l-5th. 

l-4th. 

2-7ths. 

2-9ths. 

l-3rdtohalf. 



XjeacL • • • ■ . • 

Galvanised Iron Zinc 

Common Slates 

Stone, Slate, and Plain Tiles . . 

Pantiles 

Thatch, Pelt, and Wood 

The amount of annual rainfall in England averages 35 inches, in 
India 90 inches. 

Carpentry in roofs are the timbers placed to receive the slates, &c. 
The simplest style is a lean to or shed roof (see Fig. 27) in which 

rafters are placed on wall plates, one being higher 
than the other, thus, sloping to the lower wall. A 
common modification of this roof is shown in fig. 28, 
in which the feet of the rafters rest upon a framed 
gutter, carried by a horizontal beam stretching from 
wall to wall. It is a cheap roof for rows of houses, and is common in 
London. Span roofs in narrow buildings up to 20 feet or so (see Fig. 
29) are composed of the same kind of rafters, joined at the apex to a 
ridge piece, and tied by means of collars to prevent their sagging or 
spreading, A hip roof is one whose ends rise direct from the wall, 




Fig. 27. 
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and the angles made by the slopes meeting are called the hips ; the 
short rafters necessitated by these angles are called jack rafters, a 





Fig. 28. 



Fig. 20. 



valley is the internal hollow angle made by the two planes of a roof. 
When boards are nailed on this angle to form gutters they are called 
valley boards and receive the lead or zinc. When the roof however 
becomes wider framing must be used. Trussed frames of carpentry 
thus used are called principals, and are distributed transversely at 
equal distances in the length of the building, such distances being 
made suitable to the strength of the purlins. These principals are of 
three or more kinds, mostly requiring tie-beams, the simplest being the 
kiny-post roof (see Fig. 30). The king-post is in this case introduced 




Fig. 30. 

between the head of the principal rafters and the centre of the tie- 
beam. Into this post the head of the rafters are shouldered, thus 
holding up the post, which in its turn prevents the tie-beam from 
bending by means of a strap which passes under it ; the feet of the 
main rafters being tied to the tie-beam prevents the roof from having 
any outward thrust on the wall. When two upright pieces are intro- 
duced to hold up the tie-beam the roof becomes a queen-post (see 
Fig. 31), and the horizontal piece between their heads, the straining 
beam. In both of these last roofs struts are inserted from the foot Of 
the king and queen posts to the centre of main rafters, and in the 
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latter their thrust is counteracted by another straining piece placed on 
the top of the tie beam. The covering of the roof is sustained between 




Fig. 31. 

the principals by means of longitudinal beams called purlins, which 
again carry common rafters about 12 inches apart, on which the slate 
laths and slates are laid. For some purposes roofs are better close 
boarded before they are slated, in which case the boarding is laid on 
the common rafters. This is always done when the roof is covered with 
lead — in which case rolls of wood are placed from ridge to eaves every 
3 feet or so, and a rounded roll on the ridge is spiked the whole length 
of the building, called a ridge roll, over which the lead is dressed. 
When there is a parapet wall at the eaves a gutter is formed of 
horizontal pieces called bearers, fastened to the feet of the rafters, on 
which gutter boards are placed to receive the lead. Fig. 32 shows a 

modification of the king-post 
roof, in which a wrought iron 
tie rod takes the place of the 
king post, and a casting through 
which the rod is taken secures 
Fig. 32. the top of the principal backs. 

The lower straining beam is introduced as in a queen post roof. This 
is a good roof for sheds or workshops. Often, to produce architectural 
effect, or to economise space, a curb or Mansard roof is erected, as 
shown in Fig. 33. Here the rafters are in two separate lengths and 
form an external angle. It may be made of simple rafters, but 
usually it is a framed principal, as shewn. In this case it is a king 
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post roof supported and strutted by two side queen-posts and struts, 
the tie beam forming one of the supports of the floor. Collar roofs 




Fig. 33. 

are frequently used in Gothic buildings, as churches, &c, and in Fig. 
34 we show the simplest The collar is placed high up, and with the 




Fig. 34. 

braces are tenoned at each end and fastened with oak pins. The foot 
of the rafter is fastened into a horizontal wall piece the full width of 
the wall, and a vertical strut is framed into each and pinned as before. 
There is thus little outward thrust Some of the oldest Gothic roofs 
ere found built as in Fig. 35. In this kind of roof the tie beam has a 
space cut clear away from its centre, and the remaining portion is 
called a hammer beam (hence its name, hammer beam roof). To pre- 
vent the outward thrust a strut is framed from its inner end Ho 
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a vertical piece resting on a corbel and against the wall. In this par- 
ticular roof a king-post rests on the collar, and the usual vertical tie is 




Fig. 35. 

replaced by curved struts. The famed roof over Westminster Hall is 
of this type. Buttresses are necessary to prevent the outward thrust* 
in large spans, or the wall must be of unusual strength. Fig. 36 is a 




Fiff. 3G. 



common church roof, and a very graceful one, the curved ribs are 
struts and ties combined ; it is generally adopted where the building 
has stout stone walls, Sheds of wide span may be covered very 
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economically by the simple roof shown in Fig. 37. The thrust on the 




Fig. 37. 

side walls is taken entirely by the tie rod passing through the wall 
plate. It is usually covered with light materials, as corrugated iron, 
zinc, or boards and felt. Figs. 38 and 39 are also roofs to be covered 




Fig. 38., 

with light material, and as the latter, bow and girder roof is now exten- 
sively used, we append instructions for its erection, for which we are 
indebted to Messrs. Ellis & Co., of Liverpool. This roof is a seg- 




Fig. 39. 

ment of a circle — of which the rise should be about one-tenth of the 
span — and consists of a string or tie made of two pieces of best spruce 
or pine, and a bow of two pieces of best pine, as free from flaws as 
possible. 

The dimensions of these vary to suit the apan, as per following 
table;— - 
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Span in 
feet. 


Bow*. 


String. 


Web. 


Purlins are always 
3X2, usually made of 
two pieces, 3X1, nailed 
together. Sheeting al- 
ways J in. Diagonal 
bracing, 3X1- 


20 
30 
40 
50 
60 


2 X 1 
2 X 1 
2 X 1* 
2i X H 
2£ X 1* 


2J X 1 

H x i 

5 X U 
6J X li 
7J X H 


Ft. in. 

4 X o X 1 
6 X 7J X 1 
8 X 10 X 1 

io o x m X 1 

12 X 15 X 1 



The diagonal bracing interposed between string and bow are well 
spiked together at all junctions and crossings with wrought nails, and 
their ends project so as to abut against the purlins, which latter are 
spaced about two feet apart on the girders. A solid web of timber, 
equal in length to one-fifth of the span is fitted between the strings 
at each end, so as to give additional strength in those places. The 
sheeting is £-inch thick (5 out of a 3-inch plank), in long lengths 
and from 9 to 15 inches broad, with the heading joints properly broken 
on the purlins, to which they must be well nailed. The two pieces of 
pine forming the bow are bent gradually to the shape, the girders are 
spaced 8 to 10 feet apart and are erected on a substantial wall plate, . 
to which, on each side of the girder, a good stout wedge is spiked, 
and the girder is further secured by means of strong iron dogs 3 or 4 
feet long, which attach it firmly to the walL The felt must be 
brought right over the edge of the sheetingand turned in under, otherwise 
the roof will have the appearance of leaking, through the water 




\ 



Figr- 40. 



36 



Wood and its Uses. 



dropping off the roof being drawn up the boards by capillary 
attraction. Felt the roof as per instructions given in page 45. 

Tig. 40 is the roof so well known in connection with the machinery 
annexe of the 1872 Exhibition, designed by the late Captain Fowke 
(it is also covered with a light material), the framing is made of 1 J 
and 1 inch boards, placed edgeways in short segments, the joints 
breaking with each other and well spiked. The principal rafters and 
uprights are in one length, and the latter strengthened by a piece of 
scantling nailed on each side. It can be very expeditiously erected, 
and a very large annexe of this kind, at the Oporto Exhibition, 
was framed and shipped from this country under the superinten- 
dence of Mr. Shields, C.E., in little more than a week. For drill 
halls, gymnasiums, riding schools, &c, the framed roof, similar to that 
shown in Fig. 41, is very appropriate. The principals are placed 20 




Fig. 41. 
or more feet apart as the depth of the bracing allows of the purlins 
also being trussed. Buildings of this kind may be made from 100 to 
150 feet span, and, with the exception of a few of the longest roof 
ties, may be composed entirely of deals. 

We give here the comparative weight per square of the different 
materials forming the outside covering only, as a guide in estimating 
the strength required, viz. — 



Plain Tiles 


Weight per Square. 
15 cwts. 


Pan Tiles 


8 „ 


Zinc, 18 gauge 

Galvanised Corrugated Iron, 18 gauge 

J in. Boarding and Felt 


1J „ 

9! 

"3 »» 

3 „ 


Do. and 5 lb. Lead 


7} ». 


Slates on Lath, average 


1 » 
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t In addition to this, there is the weight of the purlins, roof, principals, 
Ac, which may be taken in wood or iron as ranging from 5 to 6 cwt. 
per square; and the accidental load, such as the weight of snow and wind 
pressure, may be estimated safely in this country at 30 cwt. per square. 
Large roofs are usually tested first with 40 lbs. per square foot, uniformly 
distributed over the whole roof, and next with a similar load on half the 
roof only. We may thus safely calculate the strains on roofs covered 
with" tiles at 50 cwt. ; zinc, felt, or corrugated iron at 38 cwt. ; and 
lead and slates at 42 cwt. per square measured as space covered ; and 
with the object of facilitating the calculation of these strains in cases 
mostly occurring in practice, we have given at the end of this work 
diagrams for different roof framings, in which the span and weight of 
the entire principal is represented by 1, and the figures indicate the 
strains which resulj;. The actual strains are readily found by multi- 
plying the span of the roof by the width between two principals in 
feet, and the product by the weight per square foot of the loaded 
structure ; the result multiplied by the diagram numbers, gives the 
strain on each part in terms of the same weight. The tensile strains 
are shewn in the thin lines, and the compressive in the thicker ones. 

ROOF COVERINGS. 

Slate is largely used for covering buildings, being a natural mate- 
rial which splits readily into thin slabs, and is much lighter than 
tiles. There are various qualities — Bangor, blue or red being the best 
produced ; those from Carnarvon the next best, and a good substitate 
for Bangor ; Port Madoc also sends out a good slate ; and the Festi- 
niog also, the last named being cheap in the larger sizes. The Welsh 

slates are made into a great variety of 
sizes, and laid as in Fig. 42, which 
represents 3 courses of slates in which 
the distance from a to L is the lap, and 
from b to c the gauge. The gauge is, 
therefore, the half length of the slate 
Fl £- 42 - less half the lap. They are sometimes 

laid on close boarding nailed to the rafters, in which case it is usual to 
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put a layer of sheathing felt on the boarding before laying the slates, 
but oftener on battens or slate lath, as in Fig. 43, placed at a distance 



n> ih— nu 



TaZK 





, 'I III. 
■I I I ) I 



u/ ' u) " \J w u/ 
Fig. 43. 



apart equal to the gauge to be given to the slates. The slates are 
fastened by copper or zinc nails, two to each slate, except in the small 
sizes, which have only one ; these nails pass through holes punched 
near the centre and top of the slates. It is measured by the square of 
100 feet super, 12 inches extra being allowed for eaves, hips and 
valleys, and irregular angles. Circular slating being one-third 
extra. The following is a Table of constants of labour for preparing 
and laying slates, quantity of lath, weight of Jath and slate nails per 
square : — 









* 


Constant to be multi- | 


Size of slates. 


Feet ran of lath. 


Weight of lath 
nulls in lbs. 


"Weight of nails 
in lbii 


plied by the rate of wages 
for a sla.cr and labourer 










per day, preparing and 










laying. 


24 X 14 


112 


* 


1* 


•50, 


24 X 12 


112 • 


* 


i* 


•50 


22 X 12 


124 


' i 


2 


•53 


20 X 12 


135 


l 


2 


•54 


20 X 10 


137 


l 


2 


•55 


18 X 10 


155 


n 


2i 


•58 


16 X 10 


179 


H 


H 


- -59 


16 X 8 


178 


H 


2* 


•60 


14 X 8 


208 


If 


3 


•63 


13 X 7 


234 


1* 


34 


•66 



The following table gives some of their various sizes, weight, <fcc. — 
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The following table gives the comparative cost of Duchess, Coun- 
tess, and Princess, best Bangor slating, 2J lap — 

Princess Slating, 24 x 14. 



£ s. d. 
..14 Hi 

,. 2 9} 

.. 2£ 

..013 

-Labour per sq. — Slater 5s., Labourer 3s., at • 50 4 



96 Princess Slates at 260/- per M. 
112 feet run of Plate Lath, at 2/6 
f lbs. Lath Nails, at 3d. 
1£ lbs. Copper Nails, at lOd. 



£1 13 2£ 



Countess Slating, 20 x 10. 



164 Countess Slates, at 167/- per M. 
173 feet run of Lath, at 2/6 

1 lb. Lath Nails, at 3d 

2 lbs. Copper Nails, at lOd. 
Labour per square, at 8s., '55 



1 




8. d. 
4i 



7 
3 












1 
4 



5 
3 

8 
5 



£1 17 1J 



Duchess Slating, 24 x 12. 



112 Duchess Slates at 236/- per M. 
112 feet run Slate Lath, at 2/6 

£ lb. Lath Nails, at 3d 

1} lbs. Slate Nails, at 3d. 
Ldbour per square, as before, 8/- '50 



£ s. d. 

16 5 

2 9J 

2i 

1 5} 

4 



£1 14 10J 



The following are the number of each kind of slates which will fill 
a narrow gauge box truck, viz. — 





1st quality. 


2nd quality. 




.1st quality. 


2nd quality. 


24 X 14 


1750 


1500 


16 X 10 


4000 


3000 


24 X 12 


2000 


1500 


16 X 8 


5000 


3500 


22 X 12 


2250 


1750 


14 X 12 


3750 


2750 


22 X 11 


2500 


2000 


14 X 8 


5500 


4500 


20 X 10 


3000 


2250 


13 X 10 


5000 


3750 


18 X 10 


5000 


2500 


13 X 7 


7000 


5500 


18 X 9 


4000 


3000 


12 X 8 


6500 


5500 



A good slate, like a brick when of good quality, will, when struck, 
give off a clear ringing sound. It is also hard and rough to the 
touch, while a bad quality has a smooth, greasy feel. Their relative 
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value may be ascertained by weighing at a certain temperature, plung- 
ing them in water for 12 hours, and then, after drying, re-weighing 
t^hem. Those which have absorbed the least water being the most 
valuable. The upper surface of a slate is called its back, the under 
its bed, the upper edge its head, the lower its tail. As before men- 
tioned the ridge, hips, and valleys may be made watertight with lead, 
but often this is done by Broseley or other tiles. The ridge-cress as 

they are termed, are shown at a (Fig. 43a) 

* 

or they may have a plain round roll as at b, 
or fitted with loose ornaments cemented in 
a groove provided for the purpose as at c. 
Slate slabs are sometimes sawn and used as 
at d, and lately the best form of this kind 
wo have yet seen is prepared as at e. Their 
cost is from lOd. to Is. 3d. per foot run 
fixed. 

PANTILING is a term used for the covering of a roof with tiles 
of a rectangular outline, but having both a convex and concave sur- 
face, so that as they are laid one laps over the other, forming a series of 
ridges and valleys, running from ridge to eaves of roof (see Fig. 44) 




Fig. 43a 




Fig. 44. 

in which a is the upper side of the pantile and b the under side ; they 
are hung on laths same as in slates, their size being usually 14 inches 
long and 10 inches broad ; the lap is usually from 2 to 3 inches, and 
the number per square is given in the annexed table ; — 
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No. of 
Tantilrt 


Pt. of 

Ljxlm. 


| Constant of ] abonr to be 
multiplied by thewages per 4ay 
Ifailsper of a bricklayer end labourer. 


i Laid 


Pointed inside and 


Pantiling, 10 in. gauge 
11 .. 

12 


180 
164 

150 


180 

164 
laO 


123 -422 
115 [ -422 
100 ! -422 


■790 

■790 
■790 



PLAI2T TILES arc of ft rectangular form, having a flat surface 
usually about 10$ X CJ or 11 X 7 and | thick. (See Fig. 45.) Some 
hang simply on laths, as described in pantiling, while others are holed 
fbr nails or nogs. They are laid 'with a lap varying from 3 inches to 
4 inches, with or without a bedding in mortar. Their lower edges are 
often cut to various fancy patterns (see Fig. 46), and are then called 



ornamental tiles. They are of two colours, generally brown and blue, 
' and the following table gives the labour and number per square. 





Number 
persq. 


Foot of 
i-i .< i in 
Loth per 


Nailaper 
square.. 


Value of constants 
of labour of brick- 
layer and labourer 


Plain tiling,10lx G£,4in. gauge 
„ .. 3 


600 
700 
800 


300 

3u0 
400 


130 
175 

200 


■739 
'764 
■790 ' 



The Roman and corrugated tiles are laid in a similar way, and are 
shown in Figs, it and 48 — a showing the upper surface, b the under- 
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Fig. 47. 
surface, and c the ridge tile in each case. These, owing to their large 
size, are usually nailed down. It takes 85 of them to a square, their 
size being 16J inches X 1* inches. They ore of two colours, red and 
dun-coloured, and are sometimes glazed. 



Fig. «. 

The following gives the comparative cost of plain, pan, and Roman 

Plais TiliXo, ty Gauge. 

£ i. a, 

700 Tiles, at 32/- per M. . . 
350 feet of 11 and i Laths, at 1/2 

1} hundred of Nails and Tile Pins 

3 hods of Mortar 
Labour, at 8/- 764 



Roof Coverings. 



45 



Pan Tiling. 



£ 
1 











a. d. 

2 11 

3 9 
1 2 
1 8 
6 3 



164 Tiles, at 140/- per M 

164 feet ran of 1} and 1 Lath, at 2/4 

1 J hundred of Nails 

2 hods of Mortar 

Labour at 8/- *790 

£1 15 9 

Greek and corrugated tiles come nearly to the same price per 
square as pantiling. 

The prices of tiles are usually as follows, viz. — 



• 




No. to a 
square. 


Crest 12 in. long. 


Bed Roman tiles per 1,000 

Brown Broseley plain tiles .. „ 
Do. do. blue .. .. ,, 
Ornamental do. brown . . ,, 
Do. do. blue . . . . „ 
Plain blue crest, 20 in, long, per dozen 
Flanged „ „ .. „ 
Boll ,, ,, ,, 
Grooved roll with ornaments. 


140/- 

170/- 

200/- 

32/- 

34/- 

33/- 

35/- 

5/6 

7 - 
7/6 

11/6 


85 
j» 

600 

*» 
>% 
» 


5/6 per dozen 
6/6 „ 



ROOFING- FELT is a substance composed largely of hair saturated 
with an asphalte composition, and should be chosen more for closeness 
of texture than excessive thickness. It is sold in rolls 2 feet 8 inches 
wide and 25 yards long, thus containing 200 feet super in a roll. Be- 
fore the felt is laid on the boards a coating composition composed of 
the following mixture — • 

I X^oS? 8 .' } *>** to expel the Water. 

is applied, while still warm slightly on the boards themselves, the felt 
is then laid on, taking care to stretch it smooth and tight, and the out- 
side edge is nailed closely with £ zinc or tinned tacks. The second 
width of felt laps the first an inch at least, the joint receiving a little 
of the composition, and the tacks pass through both thicknesses of 
felt, and so on till the whole of the roof is covered. Then the whole 
requires a coat of the composition, and in three or four weeks a second 
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or finishing Coat, when it will require nothing for three or four years, 
but should receive one the moment it begins to. bleach. The gutters 
and ridge are generally in two thicknesses of felt. A dry day should 
be selected for the work. Its cost per square, including boarding, can 
be arrived at as fallows, viz. ; — 



100 feet super J Boarding 
Labour laying same 
105 feet of super Pelt, at 7/8 
12Jlbs. of Whiting at Id. 

2} gallons of Tar, at 3d 

Labour, mixing, and boiling ditto 
300 linoh Jacks, weight 1& lbs. at 3i 
Labour, laying Felt per square . . 



9 6 



- £1 4 10J 



Zinc as a covering for roofs compares well with galvanized iron, 
which is liable to oxidation, no painting being required. It has been 
weighed, after being in place 24 years and the loss of metal owing 
to atmospherical influences found only to be ^ an oz. to a foot super. ; 
in fact, it cannot wear out by rust It takes less timber or iron fram- 
ing than any other covering, and a square of roofing weighs when 
laid about ±th of the same quantity of pantiling or slating and Vith 
of plain tiling. If a zinc roof has a fall of 1 in 7 no drip is required, 
but simply a fold at the junction of the sheets ; in flats a fall of not 
less than 1 in 24 should be given. The nature of this metal allows it 
to be worked readily, and the joints can be easily soldered. Sheets for 
roofing are when plain generally 7 or S feet long and 3 feet wide, so that 
when Corrugated with 3 inch corrugations, as in Fig. 49, it will cover 
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2 feet 6 inches, the same when the sheets are rolled in the Italian 
pattern Fig. 50, 4 inches in the length of each sheet is taken up by the 




lap. When laid on boarding with cap joint as in Fig. 51, the sheet 
turned up at the edges with roll added, will cover 2 feet 10$ inches 
from centre to centre of roll. 




Fig. M. 

The comparative nett cost of Italian and corrugated zinc laid on 
rolls, and that laid on boarding with roll caps will be as follows, the 
thickness of the zinc gauge when compared with the Birmingham 
wire gauge being as given in the two first columns :— • 



BWG 
21 

20 
IS 

18 


No. 13 
>. 14 
,. 15 
„ 16 


So. of iqnaxen 
per ton lifter 
corrugation, 


Weight per square «hen laid, including nil 
corrugation* and laps. 


With plain 
roll cap. 


"With drawn 1 "H ItBliajl " T 
VtTii ;t~ ordinary oorrn- 
™ l *"»■ [ gfitfon. 


1« 
12} 
111 
10J 


ieo 

180 
195 
215 


165 160 
185 185 
200 1 200 
220 1 220 
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Italian and Corrugated on Bolls. - 

Zinc, No. 13, at £24 per ton 1 13 6 

Fastenings .. 3 

Bidge Cap, about . . ..036 

Wood rolls (80 ft.) 7 6 

Fixing ;. ..090 



Laid with Plain Boll Cap. 

Zinc. No. 13, at £24 per ton, as before 

Bidge Cap, about 

Wood Bolls (33 ft.) 

Boll Cap and fastenings 

J Boarding laid 

Labour, fixing 



1 13 


— £2 16 6 
10 


3 


6 


4 


6 


6 


6 


12 


6 


9 







— £3 9 10 



The following table gives approximate aost of zinc roofing fixed : — 



B.W. Gauge 

Zinc Gauge 

Plain Boll Cap 

Patent Drawn Boll Cap . . 
Italian & other Corrugation 



21 


20 


19 


18 


13 


14 


15 


16 


56/. 


61/- 


66/- 


71/- 


.70- 


75/- 


80/- 


85/- 


57/- 


62/- 


67/- 


72/- 



Per Square, 

to which add 

cost of 

Boarding. 



Thus roofs laid with drawn roll cap will cost about 14s. more than 
a plain roll cap. 14 or 15 gauge, that is 20 or 19 B W G, should be 
used in roofs, but for gutters, &c, nothing less than 15 or 16 zinc 
gauge. Zinc roofing has this advantage compared with corrugated 
iron, that the old zinc when taken off is worth about one-half its 
original value as old metal. 

Corrugated iron buildings (see Fig. 49). — The timber work of both 
corrugated and zinc covered buildings may be made, as stated before, 
very light. 3 inch framing for walls up to 8 or 9 feet, and 4 inch 
framing up to 11 feet, larger of course in wide buildings and ware- 
houses. The sheets are fastened to the sill plate and transoms, con- 
sequently the posts may be 8 or even 10 feet apart. For sheds and 
stores no inside lining is required, but for dwelling-houses, schools, 
churches, &c, it is essential an interior lining of match boarding be 
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adopted, leaving a space of three or four inches between the outside 
sheets and the lining. With this provision the building will be 
cool in 8unimer and warm in winter in any climate. The interior 
lining may be wrought and painted, or rough and covered with 
canvas, and finished with paper hanging. Moors, doors, and windows 
are the same as in ordinary dwelling-houses. The usual thickness for 
this sheeting and approximate cost are given below. The sheets are 
made from 4 to 7 feet long with 3-inch or 5-inch flutes ; the former 
chiefly 



18BWG 
20 „ 
22 „ 
24 


Usual rate per 
ton. 


Weight per foot 
super after cor- 
rugation, about 


Weight to coyer 

a square allowing 

for all laps. 


Cost per square, 
fixed complete. 


22 10 
22 15 
24 
24 15 


lb. 0Z8. 
2 10 
2 2. 
1 13 
1 6 


cwts. qrs. lbs. 
2 2 3 
2 
1 2 20 
1 1 14 


£ 8. d. 

3 2 
2 17 6 
2 15 
2 10 



Curving iron sheets, £l per ton extra. 

Punching ditto, sides and ends, £1, ditto. 

Eivets, burrs, nails and screws, cost extra about 4s. per square. 

Eidge copping, 8d. to Is. per foot run. 



E 



50 



Wood and its Uses. 



CHAPTER IV. 

Join*?* Work, Technical Terms, Doors and Door Frames, Sashes, Sky- 
lights, Cased Frames, Casements, Shutters, Bay Windows, Staircases, 
Cisterns, Tanks, Fencing, and Gates. 



JOINERY is the art of joining pieces of timber by morticing, grooving, 
dovetailing, &c, and fastening them by gluing, wedging, pinning, 
and nailing, and includes the framing of wood for the external and 
internal finishings of buildings in contradistinction to carpenter's work, 
which latter is of such a nature as not to be removed without affecting 
the stability of a building. Joiner's work, therefore, may be so re- 
moved. The quality of the work of a joiner depends mostly upon 
using seasoned wood ; and, secondly, only on the workmanship. 

The principal joiner's work in a building, after the roof is on, are 
the floors, doors, windows, skylights, and staircases; such work re- 
quires more accuracy than carpenter's, being subject to closer inspec- 
tion. All is, therefore, carefully fitted, and the exposed surfaces 
made perfectly smooth. The chief terms used are morticing and 
tenoning (see Fig. 52). M M, being the mortices ; T T, the tenons ; 
and S S, the shoulders. 




Fig. 52. 
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MITRING is tha forming the diagonal joint 
which two pieces make when meeting at an angle, 
such as the mitred border to fire places, &c. 
See Eg. 53. 

Fig. S3. 

SHOOTING is making the edge of a board perfectly straight 



DOVETAILING is joining two pieces 
of framing by indenting, as in Fig. 54. 



CLAMPING is a mode of fastening several boards by another 
placed transversely at each end by mortice or tenon, or by a groove 
and tongue, thus — 



TMm 



BLOCKINGS are small pieces glued to the 
interior angle of two boards to strengthen the 
joint, thus — 

HOUSING is the cutting of a piece out of one /\A. 
board for the insertion of the end of another, c ^ 

thus— £ 

DOORS AND DOOR FRAMES.— A door is a piece of framing 
of equal thickness joined and nailed together, so as to enclose a space 
or spaces. The upright and horizontal pieces of this framing are re- 
spectively called stiles and rails ; and the thin filling pieces, panels. 
Ledged doors, shown in Fig. 52, which shows a ledged and braced 
door, are the commonest kind of doors. The horizontal boards are the 
ledges ; the diagonal, the braces : they are generally made 1 inch in 



Is ; each panel not ex- 



Panel, doors may be of 4, 6, 8, or more p 
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ceeding 12 inches wide, or 3 feet long, if it can be avoided by the use 
of more framiDg. Figs. 53, 54, 55, and 56, all represent 4 panel 
doors. In Fig. 53, the framing simply projects before the panel with 



Fig. 66. Fig. 55. Fig. 64. Fig. 63. Fig. 52. 

a square edge, and is called square framed ; Fig. 54 has mouldings 
inserted in both side3 of the top panels, while the lower panels are 
two-thirds the thickness of the doors, with ahead on the upright edge; 
hence it is double moulded top panels, the bottom panels being bead 
butt and square. Fig. 55 has a moulding planted on the upper 
panel which projects from the framing, and the bead of the lower 
panel is carried round the horizontal joint; hence, it is a bolection 
moulded one side top panel and head flush lower panel, and simply 
moulded other side. In Eg. 56, to add to their appearance, the 
panels have a margin sloped off all round them, so that the framing, 
not more prominent than their centre part, might project and throw 
shadow on them. This moulding also projects, so that on one side it 
is a bolection moulded raised panel, and simply moulded other side. 
When the edge of a piece of square framing is pared off diagonally, it 
is termed chamfering; and when this diagonal face does not mitre 
round the corners, hut stops short to avoid weakening the junctions, it 



Fig. 57. 

is called stop chamfering — a, Fig. 57, therefore, represents a stop- 
chamfered door; b, e, and d, same fig., represent various styles of 
front doors, which are usually made of red deal, in contradistinction to 
internal doors, which are oftener of American yellow pine, than any 
other kind of timber ; e and/, same fig., are common greenhouse doors, 
the former having top part open for glass ; the latter door is shown 
folding, that is, hinged at both stilea and rebated at the joints ; this 
is also open at top panels for glass, with margin all round for the in- 



;>i 
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sertion of stained or ornamental glass. Large doors, such as are used 
for ■warehouses, coach-houses, &c, are generally called framed and 
filled in, the framing heing stouter than the above, accordingly as they 
are larger, and the weight is thrust on to the stiles and hinges by 
diagonals ; they are generally filled in with matched and headed 
boarding (the middle rails and diagonals being less than the styles by 
the thickness of this hoarding), which can also be placed diagonally, as 
shown in Fig. 63 j or vertical, as Figs. 64, 65, and 66. Figs. 63 and 64 
are square headed; Fig. 65, circular headed; and Fig. 66, segmental 
headed. In these large doors, a small wicket-door is usually inserted. 
The following are the prices of doors ready made : — 





Thlokneu » Hlled, at ptr 


ljln. 


ijin.' It la. 1 I In. 


4-Paue'.. Squa 






4. .. J .. a. 


6J 


6J| 7*1 8J 



Circular -headed doors are about double the price of square doors. 
Id per cent, extra if six-panelled. 10 per cent, extra if 
of red deal. 



(Yellow pine panels and moulding art 
specified.) 

If made out of best selected timber, 
wishing, 10 per cent, extra is charged. 



used generally, except otherwise 
n prepared for staining or var- 
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ThiekntM u aJtod. 




linob. 


lfincb. 


Ledged doors with three ledges 

Lodged and braced doors, or with four ledges 


a. 

H 
6 


8 




Ifabore 


Iif.omMftl 

loUWft. irieeslluui 
■nperin une.suft. gaper 


1 io. framed and filled- in doors, at per ft. sup. 
2Jin. do. do. do. do. 
3 „ do. do. do. do. 


7* 


84 * 10} 

lo} i i 

1 1J 1 6 



The prices of these framed and filled-i 
will vary according to size. 



i-«»- npz 



:ZUV - 



doors below 50 ft. super each 

In fixing doors, frames are 
required to fasten the hinges 
to, and to allow of that nice 

■■ fitting which is rendered neces- 
sary to prevent passage of 
weather to the internal portions 
of dwelling-rooms. They are 
generally, when made, solid ; 
half a brick in thickness ; say, 
4£by3, as in Figs. 67 and 73, 
representing a rebated and 

, beaded doorframe ; the mould- 
ing planted on is called an 
architrave, which is shown to 
be grooved to receive and hold 
the plaster of the walls. These 
frames have often, for halls, 
a fanlight framed at top, as 
in Fig. 74, whieh is called a 
segmental-headed door-frame, 

' with transom. Fig. 70 shows 
a door fixed in the commonest 
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way for a wood building. In this case, there is simply a stop for the 
doorto shut against Frames for internal doors are seen in Figs. 69, 70, 
71, and 72 ; these are called jamb linings. Fig. 69 being single, and 
Fig. 70 double rebated ; these are generally 1 J inch thick, and from 1 J 
to 2 inches wider than the hare wall to allow of the band moulding 
finishing on their edge. The bevelled pieces of timber, called grounds, 
are used to hold and stop the plaster of the walls, or the edge of the 
jamb may be grooved, as shown at Fig. 69. Sometimes, where the 
walls aie unusually thick, these jamb linings are framed, as shown in 
Fig. 67 ; the top, bottom, and middle rails and general finish of panels 
being uniform with the doors. The following are the prices of door 
frames at the manufactory : — 

YELLOW PINE DOOE FRAMES, JAMB LININGS, ETC. 
If primed, add jd. per foot extra. 



3} by 2J rebated 


per ft. run 


a. 
3 


6 


4 rebated 


per ft. run 


6* 


4 » 3 do. 




H 


M 






H 


4 „ 3 do. 




4 


4 


3 do. 


do. 


o* 


*h « 3 do. 


do. 


H 


5* 


, 4 do. 


do. 


U 


4£ „ 4 do. 




« 




, n do. 

, l\ do. 


do. 


A 


5 „ 1} do. 


do. 


a* 


6 


do. 


H 


5 „ 2 do. 


do. 


H 


9 


, 2J do. 


do. 


H 


5 „ 3 do. 


do. 


6 


11 


, li do. 


do. 


B* 



"WINDOW SASHES. — Sashes are those parts of a window which 
receive the glass and generally open and shut ; the glasa is placed in 



1 



rig. 75. 

OH**-"- 




*^S^^^ N 



Fig. 81. 

rebates, and the sash bars; stiles and rails are moulded on the inside 
in various forms ; the most common being the plain, chamfer, ovolo, 
lamb's tongue, the astragal, and hollow. Fig. 75 is a sash ; Figs. 76, 
77, and 78 are fan-lights to go in door frames ; Fig. 79 is a green- 
bouse roof-light, strengthened in two places by light rods of iron 
passed through the stiles and bars. Figs. 80 and 81 are skylights 
which may be either framed as the latter, in short lengths, with a 
cover over the joint ; or tho top and bottom rail may be continuous, as 
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in Fig. 81, and more economical, especially if the bars are tenoned into 

the ridge direct, as shown. In roof-lights generally, the bottom rail is 
made thinner than any other part, to allow of the ends of the glass 
coming over it and the lead flashing. 

Casement, or French Lights, are composed of sashes hung to a solid 
rebated frame by means of hinges (see Fig. 82). One or both of them 
may be thus hung, the joint at the centre of each sash being also re- 
bated to keep out the weather. The lower part of the frame is the 
sill, which has one of its faces bevelled to throw off the water quickly; 
the upper part is called the lead. Figs. 83 and 84 are other modifica- 
tions of sashes with solid frames, the former swinging on pivots for 
ventilation, as in workshops, and the latter having the upper part of 
the sash hanging on the lower, commonly used in hospitals. Fig. 87 
represents a highly-finished casement and frame, fit for a library or 
other ground floor, or balcony opening. The joint, both at top and 
bottom of the casement, is protected from the weather by a projected 
nosing, commonly adopted by continental joiners while at the bottom 
sill any water entering issues out again through the piece of piping 
a the sill for that purpose. 



1 



Fig. 87. 
We now coiae to the most Useful form of windows for dwelling- 
houses, namely, sashes and cased frames, in which the sashes are 
divided into two parts, the top sliding past the bottom in two distinct 
grooves provided for that purpose. When only one sash is moveable, 
they ate called single hung ; when both nloVe, double hang. They 
are ordered by the thickness of the saah, a pair of 1 \ sashes and frame 
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Fig. 36. 



llllll l 



Kg. Sea. 



having sashes 1 J Inch thick. The sashes are hung by coids passing 
over pulleys, and attached to balance weights concealed on the back 
of the oasd In the enlarged section (Fig. 86), a is called the pully- 
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piece, and on the face of this the sashes work, separated from each 
other by the parting slip b, thus enabling them to pass each other 
without touching. The strip c acts in the same way for the weights. 
The pieces d and e are called the front and back linings. In the best 
make the sills and pulley pieces are made of oak. There are two 
modes of measurement — " daylight," which is the length given from 
the face of stone sill, or under side of wood silt, to the under side of 
head, and in clear of pulley stiles ; and " over all size," which is from 
under side of sill over the top of frame, and taking the width also over 
the frame (see Fig. 86a). The axle pulleys may be of brass or iron, 
but a cheap axle pulley is very false economy. Hempen sash cords are 
used generally, but twisted copper wire and even chains are specially 
made for very heavy sashes, the latter being the best, and least liable to 
accident. Weights are made usually of cast iron, but when they become 
too large, lead is preferred. The spaces in the sash to receive glass are 
called panes, and in Kg. 85 we show the simplest make of a pair of 
sashes and frame with 12 panes, fitted in a 9-inch wall. The window 
board is there grooved into the sill, and the band moulding finishes on 
it, the edges of the frame being made good to the wall by a strip 
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nailed on all round. Sashes and frames, in addition to being made 
square-headed, as in Fig. 85, may be segmental headed, as in Fig. 88, 
semi-beaded, as in Fig. 89, or gothic -headed, as in Fig. 90, and the 
best mode in eacb case is to have the sash-frame made square, and the 



corneia of the npper portion of both the sash and frame filled in to 
suit the external contour of the brick or stone-work, as shown in the 
dotted lines. The sashes themselves not only slide easier in this way, 
but there is a considerable saving in the cost of manufacturing them. 




Fig. 91 represents a pair of sashes and frames, with sliding shutters, 
hung with lines and weights in a precisely similar mode to that of the 
sashes, and thus forming a double set of cased frames. The joists and 
floor are often out in thia way in order to give depth sufficient to allow 
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Kg. 92. 

of the shutters sinking below the window sill. The piece of framing 
concealing the shutters when down is called the window bach When 
a window is divided into two or three portions longitudinally, as in 
Fig. 92, they are called Venetian sashes and frames, and the two 
centre upright pieces of framing are termed mullions, and in this case 
the centre sashes only being bung, the sash-cord pastes over the top 
of the side sashes into the outside cased frame. In Fig. 93 we have a 
similar pair of Venetian sashes and frame, but with all the sashes 
hong. In addition to this there are folding shutters provided, which 
fold back into what are called boxings or linings, attached to the wall 
specially for the purpose. In this ease again a window-back from the 
sill to the floor is required, and elbows, as the pieces of framing are 
called which fill in the space from the lower edge of the shutters to 
the floor. At the top, panelling is also required for the soffit, as it is 
termed. Those portions of the shutters which fold into . the wall are 
called back flaps. A cant, or bay window, is one in which the side- 
lights are arranged at an angle to the front light, which projects beyond 
the exterior surface of the house, thus extending the angle of vision 
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Fig. 83. 

from the interior; and Fig. 94 is one of this kind, the folding 
shutters, backs and elbowa, soffit, &c, being shown. The mullions in 
one case are shown of stone, which is necessary with a stone balus- 
trade. Sometimes, however, the next floor joists are carried over the 
projecting window, and rest on ite frame, as at B, and with railing, 
the top surface leaded, becomes a verandah. Again, at o, the top of 
window is merely covered with lead or nine laid on boarding. In 
cither of the two last modes no stone mullions are necessary, and the 
cased frames may be made as shown at n, an ornamental wood pillar, 
or other ornament, covering the join at angles, and protecting it from 
the weather. 



nun 
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The following gives the prices of sashes and frames at the manu- 
factory : — 

SASHES AND FBAMES, MEASURED OVEH ALL. 









































, per foot super 


"££" 


nsi 




1 J in. sashes an d frame a , single-huni 
1J ditto double-bung 


8*d. 


9*d. 


lljd. 








lOd. 


1/OJ 


2 ditto single-hung 
2 ditto double-hung 


do. 


do. 


SJd. 


ll*d. 


IS 






lOd. 


11- 


m 


lldo< with 1 mullion, single-hung 
1J do. do. double-hung 


do. 


do. 


»f<L 


V- 




do. 


do. 


ink 


l/H 


13 


2 do. do. single -hung 
2 do. do. double-hung 


do. 


do. 


iiff 


1/1 


11 


do. 


do. 


W 


1/2 


15* 


I5 do. with 2 mil llions, single -hunf 
1J do. do. double-hung 






9jd. 


uu. 


1/0* 








11- 


1/2J 


2 do. do. single -hung 
2 do. do. double-hung 


do. 


do. 


11 Ad. 
1% 


iffl 


■ft 


2 circular -headed sashes and frame 
4 or 5 panes wide, double-hun 


•|h 


do. 


1/8 


1/10 


2/2 


2} do. do. do. 






1/9 


1/11* 


2/41 



If primed add Jd. per foot super. 

If glazed with 15 oz. glass, add 4d. per foot. 

Do. „ 21 ,, „ 6d. 

If oak (best foreign) sills are ordered, add Jd. per foot super. 

If with back linings and parting slips, „ Jd. „ 

If with lines and weights ,, 2d. „ 

If with moulded horns to sashes .. „ 3d. per horn. 
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FBENOH AND SLIDING CASEMENTS. 
(With solid frames up to 12 inches in section). 



i, 



1* in. casement, with solid frames, at per ft. super 

H „ Sliding casement 
2 



>> 



>> 



>» 



i> 



»> 
>> 

99 



J» 
99 
99 



above 
25 feet 
super in 
a case- 
ment. 



8d. 

9Jd. 

10i<L 

V- 



If from 
15 feet 
to 25 ft. 
super in 
a case- 
ment. 



9d. 

lOJd. 

lid. 

1A* 



If primed, add £d. per foot super. 

If glazed with 15 oz. glass, add 4d. per foot. 

Do. „ 21 „ ,. 6d. 



if less 

than 15 
ft. super 
in a case- 
ment. 



lOJd. 
Ufd. 

1/1* 



>> 



SASHES WITHOUT FRAMES AND FANLIGHTS. 



1 


If above 
25 feet 

super in 
alight. 


If from 

15 ft. to 

25 feet 

super in 

alight. 


If less 

than 5 

ft. super 

in a 

light. 


1* in. square sashes or fanlights, at per foot super 

o 

* 99 ». 99 99 >» 


3Jd. 
5d. 


4Jd. 
6d. 


5jd. 

7*d. 



If primed, add £d. per foot super. 

If glazed with 15 oz. glass, add 4d. per foot. 

Do. „ 21 „ „ 6d. 



19 



99 



99 



99 



GEEENHOUSE LIGHTS AND SKYLIGHTS. 



at per foot super 
2 in. skylights, with bars from 6 in. to 9 in. apart . . 

2*„ 

2 „ ,, ,, 9 in. to 15 in. apart .. 

2*„ 

2 continuous light 

2J„ 



99 
99 
99 



)9 



99 



»9 



Ef above 


If less 


26 feet 


than 25 


iuper in 
alight. 


ft. super 
in a light 


3Jd. 


4£d. 


4£d. 


5Jd. 


3d. 


4d. 


4d. 


5±d. 


2£d. 


3|d. 


3±d. 


4Jd. 



Iron stays supplied and screwed on above at £d. per foot super. 
If primed, add Jd« per foot super. 
If glazed with 15 oz. glass, add 4d. per foot. 
Do. „ 21 „ „ 6d. 



it 



70 Wood and its Usee. 

YELLOW PINE CUPBOARD FRONTS, SQUARE FRAMED 

MOULDED AND VENETIAN SHUTTERS, CASINGS, FRAMED 

LLNDJG3, fto. 

If primed add |d. per foot super. 
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Fig. 96. 

balusters are generally alao of iron, firmly screwed to the strings for 
the same purpose. Where the handrail is continued round the well- 
hole of a staircase, the part where it turna round the well is termed 
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the wreath. A ramp is where the handrail makes a sudden rise as 
in framing it Into a newel post. Fig. 96 shows a commoner stair 
tuning round a newel post, and termed a dog-legged staircase. The 
solid newel post takes the place of the well-hole in this case, and into 
this the string-boards are framed. 

Cisterns are required for sundry purposes, and although now oftener 
made of slate or galvanized iron, these may in some cases bs too 
expensive or not easily procured. Fig. 97 shows the ordinary wood 
cistern lined with lead ; while Fig. 98 is a larger one often required in 




Fig- BT- Kg. 98. 

manufactures. The latter is composed of thick planks or deals 
strongly bound with holts, and serviceable for holding corrosive 
liquids which would injuriously affect iron. Figs. 99 and 100 show 
a fencing, which is not only neat in appearance, but easily fixed ; 
consisting simply of straight laths pegged together in a lattice fashion, 
and supported in place by posts and rails ; the former being placed 
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Fig. 100. 

every eight or ten feet apart, and well let into the ground ; the laths 
are in each of the figures of the same length and size ; bat the spaces 
being more stretched in the latter figure, the fencing becomes cheaper. 



Kg. 101. 

Fig. 101 shows a fencing suitable lor inclosing a gentleman's park or 
extensive grounds, and ia often made of oak ; the upright pales being 
deft. Fig. 102 is of a much cheaper kind, and is used for tempo- 



Fig. 103. 
rarily fencing in cultivated land, such as gardens, Ac. Kg. 103 is 
known aa the timber merchant's fence, pockets being provided on each 
side of the posts for the ends of the rails to slip into. Any of the 
bays of the fencing can thus be taken oat, and the poste being simply 
let into sockets formed in the ground can be readily removed and pnt 



4 ■ 



Fig, 104. 

np again. Kg. 104 is another system of temporary fencing largely 
used for agricultural shows and the like, and forma the most econo- 
mical barrier that can be made ; the boarding not requiring .to have a 
single nail driven in it, is in reality little or no worse for being thus 
used. Figs. 106, 106, 107, and 108, are designs for entrance gates 
which, well executed, forms a prominent feature in the outward ap- 
pearance of a gentleman's grounds. The value of gates similar to 
these, containing 50 feet super, say 10 feet wide by 5 feet high, 
would be from £§ to £8. 
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Fig. 109. 




ft A\i\ 
i — 4-^ — j 



Fig. 110. 




Fig. 111. 

A sketch of the common field gate is given in Fig. 109, and level 
crossing gates for main line or branch railways in Figs. 110 and 111. 

And now a word as to temporary buildings. 

In many instances, where time is an object, and when owing to the 
difficulty in procuring the stone, bricks, &c, necessary for the 
erection of more permanent buildings, it is found necessary to fall 
back upon structures composed chiefly of timber, easily erected, ancl 
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whose value, with proper care and attention, need not deteriorate. A 
temporary wood building should, however, in no case exceed one 
storey in height, and the framing should be very similar to that used 
in the wood partitions of ordinary dwelling houses, shown in Fig. 112. 



Kg. 112. 
The clear spaces between the uprights should not exceed 15 inches, 
and the walls should be well tied with diagonal braces. A little 
attention to the proper housing of the sills, and the morticing of the 
uprights, and heads to doors and windows, with careful bracing, is all 
that is required to ensure good work. All corner posts, door, and 
window posts should be for buildings up to 8 feet high, at least 
4 X 3 j but the intermediate posts, whose object it is simply 
to carry the outer and inner boarding, need not exceed two inches 
in thickness, say, 4X2. We give at the end of this work 
various designs for churches, cricket pavilions, schools, warehouses, 
&c, all of which are daily in request throughout the country. These 
buildings are often constructed with iron framing, but this is chiefly 
done when they are destined for erection in hot climates, and" where 
the cost of transit to the interior may be expensive. The roofs gene- 
rally are of zinc, corrugated iron, or slates, but oftener of wood and 
felt properly prepared and laid. We ourselves prefer slates 
in most cases for the roof, and decidedly object to either iron or 
zinc being used for the sides and ends of these buildings. In fact, 
nothing is more economical or capable of being well fitted round the 
necessary openings for the doors and windows than boarding, and we 
recommend in all cases where the buildings are used constantly as 
living rooms, that the interior throughout be lined with thin boarding. 
In powder mills a light roof is absolutely necessary to allow (in the 



1 



Joiners' Work, 79 

event of an explosion) for its disastrous effects being expended as 
far as passible towards the sky where the least damage maybe expected. 
Such a boarding as is shown in Fig. 113 was designed expressly with this 



Fig. 113. 

object in view. It is styled wave joint boarding, and baa been very 
extensively and successfully laid. The surface rain water falling on 
each board runs down the furrows a a, while the grooved joint b 6 not 
only also facilitates this, but keeps the substance forming the board 



Fig. 114. 

always dry in itself. Simpler kinds of 
wood roof and side boarding are shown 
in Fig. 114, the ordinary 1 inch or J 
inch board, in 7 and 9 inch widths, being 
used with a lap joint, or placed close to 
each other with a fillet over the joint to 
exclude the rain water. Either of these, 
well laid, will be perfectly water tight. 
Fig. 115givesa sketch showing the various 
boardings used generally in the sides of this 
class of buildings, each kind being known 
as weather boarding, the thicker piece at 
the base being known as the plinth, a 
may he simply composed of floor boards 
laid with a lap joint b, c, and d are 
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Fig. 119. 

prepared speciallybymachinery for the purpose, cis the most economical 
kind, since two are generally taken from one board after it has passed 
through the machine, one-half of the machine labour being saved. The 
interior linings may be made as delineated in Fig. 116. Sometimes the 
inside of the rooms are papered, and in that case the joint should be 
pimply matched as shown at a. When painted or stained and varnished 
the joint is improved by the insertion of the bead at b, and where the 
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boarding is seen on. both sides the bead is placed on both edges as at 
c; d, e, and /, are simply various other modes of improving the 
appearance of the joint. Perhaps one of th 3 must called for temporary 
buildings is that required as au hospital, on the serious break out of a 
fever or other epidemic. In these cases it is above all things 
extremely desirable to ensure a good thorough system of ventilation 
throughout the wards, and too much cannot be insisted upon by all 
poor law and other inspectors with a view to ite being ensured. 
1'ig. 117 shows one of the most approved methods of arriving at this 
result. The external air is first admitted through gratings at a, 
distributed over the outside of the building, and then passes up the 
closed pilaf ter to issue out of the perforated cornice, running the whole 
length of the ward at a Its tendency is to force the heated and 
unwholesome air through ventilators swinging on centres provided in 
the ceiling, and to gradually disperse them through the joints in the 
slates at D, which will be found amply sufficient for this purpose. 
This we have ourselves seen tested over and over again in rooms 
purposely filled with smoke, and so strong is tho current at the 
ventilator outside, that small pieces of paper loosely held there will be 
taken up the pilaster into the room. Fig. 118 gives an idea of the 
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internal appearance of these buildings, and shows the pilaster and 
Tentilator in the roof. 

We give in Figs. 119, 120, and 121 some designs for the 
forms and school desks necessary to the fitting of the various 





Pig. 121. 

school -rooms shown at the end of this work. Those shown ill the 
two latter figures are so arranged as to be used either as double or 
single school desks, and the desk portion by being hinged may be made 
to act as a back to the seat. Numerous varieties of these are to be 
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found exhibited at the South Kensington Museum, nearly all of 
them having some more or less commendable features. As regards 
Church fittings, nearly all architects design seats specially 




adapted to the particular character of the building for which they are 
intended. Fig. 121a gives a few of the usual kind of bench ends ; 





and Fig. 122 the seats geuerally in 
use. We should recommend in all 
cases the use of pitch pine or best 
yellow pine for these, if well pre- 
pared, cleaned and Tarnished, the 
natural graining and colour of the 
wood itself will enhance the effect. 
Fig. 123 shows the lectern, and 
Fig. 124 the reading desk, which 
should also he carried out in the 
same material unless the building is 
of such a permanent character as to 
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tings. When that is the case, either 
ef erred as being better ornamented, 
ulpits, but tlieaej of course, ate varied 



Fig. 120. 

jOinmUDion altars and rails shown in 
nclude the portion of joiners' work 
the various buildiogs. "We ourselves 
)f the moat suitable woods for these 
it is very durable) and any amount 
may ho given. Let it also be simply 
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CHAPTER V. 
CONTRACTORS' PLANT, 

Excavation. Measurement of same. Cost of Labour* Barrows. 
Carts. Tip WagotiS. Cranes and Pile Drivers. 

THEEE are but few buildings of any kind but involve, as a 
preliminary, the excavating of the soil necessary in order to get 
the foundations on a solid basis ; and in railways, water-works, &o., 
this is often the chief item of the contract The labour of digging 
deep and throwing out of trenches in the foundations of buildings will 
increase with the depth, and it is usual to allow for additional prices 
to every throw of five or six feet in height Excavation is paid for ty 
the cube yard, or 3 feet X ** $ eQ b X 3 fee.t, again called a single load, 
and the wheeling, carting, filling in and ramming to foundations and 
drains form all separate items charged as extras. The nature of the 
soil will affect the amount of excavation one man can perform in a 
day, but in loose ground 10 cube yards, and where hacking with the 
pick is required from three to five yards cube will be a fair day's work. 
Filling into barrows and wheeling is estimated by the run of 20 
yards, every 20 yards beyond the first run being charged extra* 
With two men filling and one man wheeling 30 yards per day can be 
removed to ihe end of the first run, and the labour beyond that can 
be calculated according to distance by allowing one man extra to 
every run. For example — What will be the cost of labour only in 
removing 500 yards of soil a distance of 300 feet, the men's wages 
being at the rate of 3s. 6d. per day, and 30 yards removed to the 
end of the first run being a good day's work ? Dividing the full 
distance, 100 yards, in this case by 20, we get the number of wheelers 
viz., 5, to this add the two fillers, making 7 altogether at 3s. 6d* = 
£1 4s. 6i Then as 30 yards cube = £1 4s. 6d., 500 yards will 
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cost £20 8s. 4d, The estimate of filling into carts and carting away 
is rated at so much for the first mile, a reduced charge being made 
for each and every mile beyond the first," much in the same way as 
filling and wheeling barrows described above. Where planking and 
strutting is required to hold the sides of deep trenches, the cost is 
either added to the price for digging or it may be a separate item at 
per foot run. N.B. — A cubic yard before excavation will occupy 
from 1\ to 1J cube yards after being excavated, but will gradually 
assume its usual bulk in embankments. As a more reliable guide to 
the cost of excavation generally, we give below the constants of labour 
for this work. 



Excavating only— pee Cubic Yard. 


Days of a Ground 
Labourer tr 

Navvy. 


Vegetable earth 


» • • 


. . -C45 


Loam (sand and clay mixed) 


• •« 


*. -060 


\J\xX V • • • • •_• • • • • 


■ ,• • 


.. '100 


Earth, mixed with coarse gravel, &c. 


• • 


. . -150 


vsiiai.iL . * ' ... •• ». .. 


• • 


. . *200 


Bock requiring blasting 


i • • 


. . -450 



Thkowing with a Shovel to a Height of Five Feet, 
or Filling Trucks— per Cubic Yard. 

Vegetable, earth, loam, or sand '048 

Hard earth, clay, &c '055 

Mud in a wet state *065 

t, -r. n XT Days of a Ground 

Filling Barrows— per Cubic Yard. Labpurer, 

Vegetable earth, loam, or sand > . . '045 

Clay, stony earth, &o. ' . '052 

Mud in a wet state . . . . . . *061 



Eemoving Twenty-five Yards with Wheelbarrows, 
depositing, and returning— per Cubic Yard. 

Vegetable earth or loam , , 

Clay, stony earth, sand, or mud 

Bamming Earth — per Cubio Yard, 
Vegetable earth, loam, or sand, in layers 6 in. thick 
Do. do. do. in layers 12 in. thick 

"Clay Puddle— per Cubic Yard. 
Tempering and spreading in layers 9 in. thick . . 
Dou do. in layers 12 in, thick 



• • 



• t 



• * 



•026 
•030 

040 
•025 



•630 
*5oQ 



1 



■>, DilJTl of ■ 



iarrow (hold- 
being handy 
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in wheeling and tilting out its contents ; the wheels are mostly cast 
iron running in ash sockets, the strains or handles and framing 
generally are of ash, the sides front and hack of elm, the legs are 
strutted with wrought iron stays in two ways, and the whole is very 
compact. Large numbers of this make are exported for use in making 
railways abroad, and we append their mode of packing for transit. It 
isto put the barrow bedB together with the bottoms nailed in ; and after 
making a packing case 4 feet 9 inches X 3 feet 6 inches X 1 foot 5 
inches (which holds the material for six wheelbarrows) to put all the 
component parts of the six barrows in it, such as nails, bolts, brackets, 
side and other boards, Sic, and wheels. On arrival at their destina- 
tion the barrows can be speedily put together. If sent in this way 
100 barrows would only take up 10 tons measurement, or weigh 5 tons 
dead weight. Earth cannot be wheeled in barrows economically to a 
greater distance than 100 yards. When the quantity of earth to be 
removed is considerable, implements holding in themselves a much . 
greater quantity of soil are required and they are generally made to 
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contain three quarters of a cube yard of more when drawn by horses 
and when no rails are used. In Fig. 134 we give view of a hand-cart 
very much used by contractors. With this cart incredible quantities 
of soil can be wheeled a long distance on a plank road and tipped over 
by one man ; whilst at the tail end of the hand-cart are placed two 
rings, and in deep cuttings by the aid of a stationary steam engine 
with chain winch, a chain led from these two rings brings the hand- 
cart to the surface up a properly prepared incline with great efficiency. 
When once at the surface it is readily wheeled away. All contractors 
know the value when much earth has to be removed of using steam 
power for raising it at one process to its full height, as no matter how 
ingenious inclines may be constructed, with hand labour only the cost 
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will be the same, and whenever it is possible by the aid of steam lifts 
whether by a direct vertical pull or by a short incline in which latter 
case the cart or barrow will roll up on its own wheel, the aid of steam 
should be called in on the score of economy. It should be remem- 
bered that although a horse run cannot be used economically for a less 
depth than 20 feet, steam can be made to do so, also that the vertical 
transport of earth is equivalent to 15 times the same horizontal dis- 
tance when barrows are used and 12 times when there are horses and 
carts. When earth is removed up an inclined plane not exceeding 1 
in 10 the extra labour entailed by each foot of rise is equivalent to 
removing the same load 10 feet on a level. Fig. 135 gives two views 
of the contractor's dobbin cart. It generally takes a full £ cube yard, 
and is a very useful tool on rough ground. The horse is attached to 
it by a drag chain, and the weight being on the two large wheels the 
handles and wheel behind it serve in the hands of the navvy as a 
lever to place the route of the cart in any direction he pleases. The 
wheels have generally 4-inch tyres, the framing being principally of ash 
and the body of elm. Their cost is from £12 to £13 each. Instill 
more extensive works such as reservoirs, docks, railways, &c, the dirt 




Fig. 136. 
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is removed in wagons running over temporary mils laid on rough 
sleepers, the rails being added jto and advanced close to the face of 
the work as it proceeds. These wagons are either drawn by horses or 
locomotives, and are made side or end tipping. Fig. 133 represents 
one of the former and Fig. 137 one of the latter. They are made to 



Fig. 137. 

carry from 2 to 3 yards of earth each. The load is discharged from the 
end tip wagons by being rapidly run up to the tip where a block of wood 
stops further advance and the momentum is sufficient to tilt the body 
and discharge the contents well spread over the embankment. There 
are numerous systems of arranging for a ready supply of empty 
wagons to take the place of those filled, and often by an arrange- 
ment of inclines the weight of the filled wagons are made to draw the 
empty ones up ; and in fact no greater amount of valuable ingenuity 
has been expended within the last few years than that exercised by the 
contractor's engineer in studying the quickest and most economical mode 
removing spoil from cuttings, &c. The best mode of attack, distribu- 
tion of working surfaces, the notching, gulletting and undermining of 
them, the getting rid of the water, and the clearing away the spoil, 
require, on the part of those entrusted with such work, great considera- 
tion, and we strongly advise our readers living in any neighbourhood, 
where such operations are being carried on, to study carefully the 
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process in which, what for a time appears a huge chaos, is gradually 
reduced to order. Should land not be available for the numerous 
curves required in these operations, turntables such as that 
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shown io Fig. 133 are most useful, and as in the kind shown 

» the whole of the rim is one piece of cast iron, the facility for 

laying it down again more than repays the difference of its first 

cost beyond that of cheaper ones made of timbers. The wagon 



Fig. 13). 

shown in Tig. 139 is shown with a wrought iron body, and, indeed, 
iron is often used for the bodies of dirt wagons, although the lale 
advance in the price of this material, from the increased cost of coal 
and skilled labour, prevents its extension in this way. It rcallv forms 
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the best material for the purpose. This particular wagon shown was 
specially designed to tip on either side, right or left of the line on which 
it runs, for the tipping of hot coke in barges from a large gas works near 
London. The body is supported by two props at each side, and as 
these are knocked aside on one hand or the other the wagon discharges 
it contents into shoots specially designed for the purpose and thus 
to the barge. They act admirably at works of this kind. 







Fig. 140. 



The course adopted for removing sacks, &c, and luggage generally, 
at stations, are by lorries similar to those shown in Figs. 140 and 
141. 

At the end of this work, amongst other strain's, we have given the 
method of arriving at those to which cranes are subjected. There are 
a very great variety in use now, and for heavy weights, steam, or the 

hydraulic power, as arranged by Sir W. Arm- 
strong, is largely used. There are so many 
of these instruments now in use at nearly all 
large towns that we do not think it necessary 
to describe them fully ; but some of those not 
properly appreciated, and, to our mind, the best 
in use are known as the goods' shed crane, in 
which, by the manipulation of a rope or chain, 
very light or very heavy goods may be raised 
economically and quickly. For light goods a 
pull of the rope or chain on the wheel is suf- 
< ^^ ficient, but in heavier goods, up to seven or even 
^^^Jp^^^^&^ ten tons, the adjustment of this on the lower 
Fig. 141. winch is necessary, and by a very simple but 
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effective piece of mechanism is readily effected. Such cranes are 
ahown in Figs. 142 and 143. The former has wood framing, and 
requires a stay in the roof, but the latter is of iron construction, sur- 
rounded by sufficient masonry under the platform to take the strain 
without any other stay- 



Fig. 142. 

Another machine is not so well known as its merit deserves, viz., 
the ringing engine shown in Fig. 144. It Is used for putting small 
sheeting piles in for wharfs, canal banks, &c. Generally, these timbers 
run from 8 to 10 feet long, and in section from 9 in. to 12 in. X 4 in., 
with a ram of about 3 cwt attached to a rope running free over the 
head pulley, the rope having loose cords, one for each of the four men 
working it ; a great number of these piles can be got in per day. Its 
ooet varies from £12 to £15. 

Fig. 145 shows the usual hand pile driver, driving piles up to 
14 inches square, and any length up to. 40 feet. It is generally 
worked by fire men. In hauling up the weight by the usual crab a 
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attention to the latter point. The weight which a pile will sustain is 
readily got from the formula 

WH 



L = 



8U 



In which D = set of pile by the last blow in inches. 

H = height the ram has fallen in inches. 

L = safe load for the pile in cwts., cut off near the ground, 

W = weight of ram in cwts. 

Example: What weight will a pile carry safely, the monkey 

weighing 20 cwL and driving the pile § of an inch with a fall of 

10 feet? 

WH .20 X 120 2400 0/wv 

— - = 800 cwt., or 40 tons. 



81) 



axt 






k 4. 



Greenhouses, Vineries, Heating Apparatus, fye. 101 



CHAPTER VI. 

GREENHOUSES, VINERIES, HEATING APPARATUS, 

ETC. 

Culture of Fruit t Choice of Site, Houses lately introduced^ Peach and Wall 
Covers, Lean-to and Span-roof Greenhouses, Melon Pits, Plant Preservers, 
Lawn Conservatories, Cold Frames, Heating Apparatus and Boilers. 

HHHE increasing interest taken by all classes in the cultivation of. 
flowers and fruits, and the comparative low cost at which in these 
days all kinds of structures in wood, glass, and iron can be procured, 
bid fair at an early date to mitigate the many disadvantages of the 
climate of Great Britian. 

Already a great deal has been accomplished towards the culture of 
fruits of all kinds, and our tables are now covered with as choice a 
fruit raised at a moderate cost as that of any other country. 

Since the introduction of orchard houses for the cultivation of vines 
and other fruit trees with or without artificial heat, great strides have 
been made with this object in view, and no modern garden, even of 
the highest class, furnished with all kinds of houses adopted to force 
vegetation, is considered complete without its orchard house. "With 
the aid of machinery structures are now built, costing little more 
than the cruder houses of the class originally introduced, and any 
lover of gardening can now not only produce large quantities of very 
choice fruits, but can even raise such kinds as at one time he considered 
beyond his reach. Amongst the various class of structures which have 
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tended to develop this real source of pleasure indubitably those intro- 
duced by the late Sir Joseph Paxton (see Fig. 160) has been the 
foremost and most extensively patronised. Their peculiarity was that 
they were capable of being made perfectly secure as temporary 
structures, while retaining the appearance and efficiency of permanent 
erections, and thus they become a decided boon to annual tenants or 
holders of short leases. 

In erecting glass houses of any kind, considerable importance attaches 
to the position assigned to it : if the structure is a detached one it 
should be sheltered from the northern winds with tall growing trees, 
close enough to break their force, but not so close that their branches 
may drip on the glass, and it should also be near an abundant supply 
of water, independent of what may be collected from the roof, a point 
especially indispensable in hot forcing houses of every description. 
Lean-to houses should have a south-eastern aspect whether for fruits 
or flowering plants, the morning sun being more strengthening and 
exhilarating than at any other period of the day. Span roof houses 
should stand north and south, with the longer elevation towards the 
east and west. Conservatories attached to the dwelling-house maybe 
regulated by the position of the building or the fancy of the architect, 
but should be transparent or of glass on all sides, since plants grown in 
lean-to's can never be made handsome, seeing that they become weakly 
and distorted by continual stretching towards the light. Plants will not 
thrive without plenty of light, and must receive its direct influence by 
being placed near the glass, hence the extensive use of trellises of 
wood or iron to which the trees are trained. Trellis work is not to be 
recommended, however, on the back walls of lean-to's, for if the sur- 
face of the glass in the roof is sufficiently covered with foliage there is 
little to be gained by training on the back wall, except in the case of 
figs, which are found to do better in the shade. Wire is the fittest sub- 
stance for trellis work, and can be procured galvanised to prevent rust. 
Lately great attention has been paid to this necessary art, and there 
are numerous manufactories supplying all the needful strainers, hold- 
fasts, &c, either for the internal portion of glass houses or out-door 
espaliers. The interior of greenhouses are generally provided with a 
stage in the centre and shelves round the sides on which the plants 
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are arranged. The angle oi the centre stage for a promiscuous collec- 
tion of plants should never exceed the angle of the roof, but should 
be a little flatter so as to admit of larger plants being placed on the 
upper shelves, thus giving a larger and more effective appearance from 
the inside. Three or four rows are sufficient, the upper shelves being 
about twice the width of the others. The lowest should riot be less 
than 12 inches wide, and the rise about 8 or 9 inches. For small 
plants, propagating houses, &c, of course the stages may be much 
nearer to each other. Proper ventilation is the most important 
item in the management of hothouses ; the builder has done his part 
when he has arranged for the front and a portion of the roof sashes 
being opened, but the gardener must use his judgment as to when 
< and under what conditions he reduces at any time the interior tem- 
perature of the house to that of the exterior, and this forms a 
most important portion of his art. 

As a guide, we here call the attention of our readers to a class of 
house, amongst the most economical yet introduced, in which good 
construction, arrangement, portability, and cheapness, are combined. 
They are adapted to all kinds of gardens, and are so constructed as to 
obtain the most reliable and complete system of ventilation, while 
they can be removed and refixed at the expiration of a tenancy with- 
out disturbing a single pane of glass. These houses are composed of 
lights, of one uniform width, viz., 4 feet 8 inches, and are made any 
lengths from 8 to 16 feet ; all the roofs, sides, and end's being thus 
constructed without rafters or framing, it leaves little or no obstruction 
to the light. 

The system of ventilation in the roofs and sides is such that each 
light contains its own ventilator ; and this being rendered within the 
thickness of the sash, ensures eoonomy in packing or transit. The 
lean-to houses with side lights are constructed so that either all the 
front or the. roof lights may be opened, or each alternate one only. 
For lean-to houses without front lights the ventilator is placed under 
the sill, in openings left for that purpose in the brickwork ; the air in 
the latter case is thus not admitted in a direct current against the 
plants, but below them and immediately over the hot-water pipes, by 
which it is slightly tempered on entering the house. The span roof 
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houses are ventilated at each of the gable ends, also along the full 
length of ridge, and at each side. 

In vineries and peach-houses the framework may rest on piers, 
the space between them being filled in with an embanked border. 
This necessitates side lights, but in many instances, when used for 
other purposes, no brickwork or other foundations will be required. 

Figs. 147 and 148 are internal and external views of these lights 
adapted as peach and wall covers, no brickwork, but simply the level- 
ling of the ground, being required. The following are the best 
respective internal widths and heights of these houses when erected, 
viz. : — 



Length of light. 


Width of House 

in clear of 
Wood Bill and Wall. 


Height of Back 
Wall covered. 


feet. 
10 
12 
14 
16 


ft. in. 
6 9 

8 1 

9 5 
10 11 


ft. in. 
9 2 

11 

12 9 
14 7 



Figs. 149, 150, and 151 are views of the lean-to houses with side 
lights 4 feet 6 inches high, and for which also no brickwork is 
required. They form excellent greenhouses for plants, with a flat 
stage in front and sloping stage at back. The internal dimensions formed 
by the different lengths of lights used as lean-to's, when placed at the 
extreme angles of 25° and 40°, are as follows, when erected, viz. :— 



Length of light. 


Angle. 


Width in clear of 
Wood Sfll. 


Height of Back Wall 
covered. 


feet. 
8 

10 

12 fc 

14 

16 


( 25° 
( 40° 
j 25° 
j 40° 
l 25° 
( 40° 
| 25° 
( 40° 
f 25° 
( 40° 


ft. in. 

7 
5 10 

8 10 

7 4 
10 7 

8 11 
12 3 

10 4 
14 3 

11 9 


ft. in. 

7 11 
9 8 

8 9 

11 

9 8 

12 2 

10 6 

13 6 

11 6 

14 11 
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For melon and pine pits with sunk pathway, as shown in Figs. 155 
and 156, in the section of which we show the position of the pipes for 
bottom heat, the angles most in use range from 30° to 35°. 
The annexed table gives the various internal dimensions of 
lean-to's : — 



Length of 
Light. 


Angle. 


Width of House 
in clear of Walls. 


Height of back 

Wall from Ground 

level. 


Depth of floor 

below Ground 

level. 


feet. 






ft. in. 


ft. in. 


ft. in. 


8 




26° 
35° 


7 
6 4 


4 7 

5 9 


] 2 6 


10 


{ 


26° 
35° 


8 11 
8 1 


5 4 

6 10 


1 3 


12 


{ 


26° 
35° 


10 9 
9 8 


6 4 
8 1 


| 3 


14 


i 


26° 
35° 


12 8 
11 5 


7 1 
9 3 


j 3 


16 


( 


26° 
35° 


11 6 
13 1 


7 11 
10 4 


■j * 3 ° 



When used as span roofs, as delineated in Figs. 152, 153, and 154, 
the width in clear of sills will be a few inches more than double the 
above. The eight feet houses are the cheapest and most efficient for 
sheltering plants and small fruit bushes in winter, and with suitable 
heating apparatus may be used for cucumbers and melons. The ten 
feet span roofs form first-class plant houses, feeders to conservatories 
for the growth of rhododendrons, azaleas, &c. It will be observed that 
these houses are a mere collection of roof and side lights, all being of 
the same size in width but varying in length, and for which glass is 
kept of uniform sizes largely in stock. They are thus supplied at a 
moderate cost. Manufacturers glaze them with 21oz. glass in panes 
10 inches wide at about 12 per cent, extra to the prices here given. 

Figs. 147 and 148 show these lights arranged as wall covers, 
being thus extensively used near Swansea and other towns where the 
atmosphere is vitiated by the fumes from smelting works, chemicals, 
smoke, &c. Their cost per foot run including the two ends and one 
door at the manufactory, divided into two classes, first for the wood- 
work primed, and secondly painted four coats and g!a2ed complete 
with 15oz. glass in panes about 15' X ?*> an( l including all gutters, 
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down pipes, locks, hinges ; in fact, with all ironmongery complete, tie 
rods and columns are as follows, the cost varying considerably in 
proportion to the length, thesa being taken at 98 feet and 14 inches 

lung n 



Woodwork Primal only, but with all 
Ironmongery. 


Wood and Gliws, Fainted Pom Coat h, 
with all Ironmongery. 


10 feetlighte. 

12 

14 

16 


11 9 to 16 6 too??™. 

14 3 to 20 9 „ 

15 9 to 23 6 
18 3 to 29 6 


10 feet lighta. 
12 „ 
14 
16 


i. i. «. d. per 
17 9 to 2*3 tootran. 
21 3 to 30 9 „ 
24 3 to 36 9 
28 3 to 44 3 „ 



Figs. 149, 150, and 151 show the same-arranged as lean-to houses, 
and their cost divided into two classes as before, at the manufactory, 
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would be as follows, length of houses being still taken a 
14 feet long respectively, viz, : — 



Woodwork Primed only, bat with all 


Wood and Glan, Painted Fonr Coats, 
wilt all Ironmongery. 


g feet lights. 
10 „ 
12 
14 
16 


11 3 to 16 9 foot ran. 

14 9 to 21 6 

18 6 to 28 9 „ 

22 9 to 32 

27 3 to 37 3 


8 feet lights. 
10 
12 

16 


17 9 to 25 9 foot™. 
22 6 to 32 6 
27 3 to 49 6 
32 3 to 45 3 
38 3 to 53 9 
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Figs, 152, 153, and 154 are views of the same kind of house 
arranged as span roofs, and their cost classed as before at the manu- 
factory, the lengths being taken at 98 feet and 14 feet respectively 
are a3 follows : — 



Woodwork primed only, bat win all 
Ironmongery. 


Wood and Qtasa, Painted Four Coat*, 
with all Ironmongery. 


8 feat light*. 
10 „ 
12 
14 

ifl 


21 9 to 31 fasHim. 
28 to 39 9 „ 
35 to 49 3 

42 9 to 59 9 
51 3 to 70 


8 feet lights. 
10 

12 „ 
1* .. 
10 


35 to 48 9 f">t ™- 
43 to 60 9 ,, 
52 3 to 74 „ 
6a 3 to 89 3 „ 
72 3 to 103 ,. " 



Figs. 155 and 156 show an arrangement of pit houses adapted to 
grow melons, pines, and forcing hothouse plants. In these houses 
there are usually arrangements for bottom heat. Their prices as lean- 
to's, given as before, will be as follows at the manufactory : — 



Woodwork Primed only, hut with all 


Wood and Glass, Fainted Four Coats, 
with all Ironmongery - 


8 feet light*. 
10 
12 

14 „ 
18 


8 9 to 13 3 foot run. 
113tol69 
13 3 to 19 9 „ 
15 3 to 22 9 
17 3 to 25 


8 feet lights. 
10 

12 „ 

14 

16 


13 3 to 19 footrun. 

16 9 to 24 3 

20 to 29 

22 9 to 33 6 „ 

26 to 38 
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As span roofe their prices would be aa follows ;-- 



Woodwork Primed only, but with all 

Ironmongery. 


Wood and Glasa painted Fonr Coata, 
with all Ironmongery, 


g feet lights. 
10 

12 „ ' 
14 
16 


16 9 to 25 3 foot run. 
22 6 to 33 3 „ 
28 9 to 42 „ 
35 9 to 50 9 ,, 
42 9 to 59 3 


8 feet lights. 
10 „ 
12 
14 
16 ., 


26 to 35 9 foot rnn. 
34 to 48 3 
42 6 to 60 6 
52 to 73 3 
61 9 to 85 9 



These buildings can be heated for all purposes, the best mode being 
by hot water, but flues or any other system may be applied in the 
same manner as in other glass houses, and they are also often used 
without artificial heat. They make good greenhouses, conservatories, 
viueries, orchard and peach houses, pineries, wall covers, stoves, 
cucumber, melon houses, &c. Fitted up and glazed complete with 
the utmost care before leaving the manufactory, every screw hole being 
made and each part numbered, there is no di faculty experienced in 
refixing them by persons previously unacquainted with their construe- 
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Figs. 157 and 158 are views of houses specially designed for tall 
plants in the case of span roofs and as lean-to's to relieve the back 
wall from any pressure due to the weight of the roof These are use- 
ful in many cases where old walls exist and where taking down and 
rebuilding the same would be too expensive. The whole of the 
weight of the roof is thrown upon the feet of tho principals, placed 
about 10 feet apart, and the roof is simply formed of 2 inch lights 
placed upon purlins. The centre of the span roof houses of this kind 
, are made, and really look extremely light 



Fig. 160. 

Fig. 150 gives sketch of the usual lean-to greenhouse with rafters, 
and the Paxton roof hothouse is shown in Fig. 160. We prefer in all 
cases wood framing to iron for hothouses, since the contraction and 
expansion of both wrought and cast iron and glass differ so widely 
under the circumstances as to render it a matter of impossibility to 
keep the buildings watertight. 

There has also been lately introduced an assortment of garden 
frames, called plant preservers, suitable for all purposes to which 
frames and lights can be applied. 

Fig. 161 shows one with wood sides, admirably adapted for ground 
vineries, early peas, salads, strawberries, &c. The plants are easily 
attended to and watered without the trouble of shifting loose glass, 
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Fig. 181. 
and either open or closed, the lights are securely fixed by the set opes 
supplied to each, light. To open all the lights on one side all that it 
is necessaiy to do is first to lilt the lights and to let them rest on the 
set opes, then from the other side rest the left hand on the ridge, lean 
forward and raise the light by the right hand, and bring it over the 
opposite light as shown. Half the pit is thus exposed for ventilation 
and attending to the plants. Anything that can be grown in hand 
glasses, pits, and frames of any description can be grown in these 
plant preservers. We give in the subjoined list the sizes and prices 
kept in stock, and these will suit all places they may bB required for. 
The cost of these with wood sides, complete, painted three coats, 
and glazed with 21 oz. glass, IS inches wide, are as follows, with one 
pair of ends :— 



2 feet wide. 
4 


9 6 to 10 per foot run. 
12 3 to 13 3 
14 to 13 3 


5 feet wide. 
6 


16 6 per foot run. 
16 9 



Fig. 162. 

Another useful and ornamental appliance for the amateur gardener 

is the lawn conservatory shown in Fig. 1G2, similar in construction to 

the plant preservers, but having glass sides ; the sizes usually kept in 
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stock are made 12 feet long, complete, with two ends, all painted and 
glazed, and the prices arc as follows : — 



15 6 per foot ran, 
18 3 

21 



Fig. 163. 



Fig. 1G3 shows, amongst the rest, the same kind of framework and 
sashes arranged as a forcing pit with brick walls, the latter usually 
being 4J inches thick ; the sizes and prices kept in stock form the 
threo widths given, and the prices are as follows, painted and glazed, 
complete with glass ends (brickwork not included) : — 



Width of pit 








5 


13 per foot run. 


6 


15 6 


7 6 


18 9 „ 



Any length of pit can be made that are multiples of 4' 0", that being 
the width of each light, from 12' 0" to 72' 0" or more. 

Fig. 164 represents the well known ordinary melon or cucumber 
pit lrame, the sides are usually dry red deal If inches thick, the 
height at back being 24 inches, and in front 13 inches, with mullions 
between each light. The usual lengths kept in stock are multiples of 
4 feet, and. the widths mostly 6 feet, both dimensions being clear of 
frame. The prices given below are arranged so as to show value of 
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Fig. 166. 



space at the back and over top of saddle increases the heating surface 
to such an extent that it will do nearly douhle the amount of work 
with the same quantity of fuel. The cost of setting is also consider- 
ably reduced, and likewise the space occupied. They are simple in 
construction, and being made of wrought iron are not liable to crack. 
In span roof orchard houses and vineries, to promote the growth of 
wood, two pipes are placed along each side, as shown in Fig. 160, 
which represents the late Sir Joseph Paxton's principle of erecting 
hothouses. 

In order to give a rough idea of the usual arrangement of hot-water 
apparatus, we append a few cuts. 

Fig. 167 shows two 4-inch pipes along one end and front of a lean- 
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to house, which will be found very suitable for the kind of greenhorn 
shown in Figs. 149, 150, and 151. 

Figs. 168 and 169 give No. 3 4-inch pipes for additional heat. 



Fig. 169. 

Figs. 170 end 171 give an arrangement of pipes suitable for the 
forcing pits shown in Figs. 155 and 156. 

As the situation of the bailer, the extent of piping, and the number 
of shut-off valves required in each house are seldom or ever the same, 
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Fig. 170. 




we are unable to give a general rule for the cost, and this is best ascer- 
tained from any of those firms who make this a matter of study, and 
of whom there are many throughout the country. 
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CHAPTER VII. 



USEFUL TEMPORARY STRUCTURES. 

Emigrants' Huts, Miners* Cottages, Workmen's Barracks, Farm Buildings, 
Warehouses, Cricket Pavilions, Churches and Schools, Drill Sheds, &c. 

m 

EMIGRANTS' OR WORKMEN'S HUTS. 

TTCG. 172 shows an elevation, and Fig. 173 the ground plan of a hut 
-*■ suitable for temporarily housing men on large works, or for the use 
of emigrants. It ia built wholly of wood and packs in a small compass 
on board ship. The size is generally 24 feet by 16 feet on ground 
level, and the height is 7 feet to eaves. There are two partitions 
running across the hut the same height as the eaves, thus dividing it 
into three compartments, the»centre one for living in generally and taking 
meals in, and the two others for bed-rooms. Large numbers of these 
have been taken out by emigrants, and the size and construction are 
somewhat as adopted by the- authorities at the War Office for the use 
of their army at the Crimea. The framing throughout is of good red 
deal 3* thick, the floor 1 inch, the roof and sides are covered 
with £ inch weather boarding and as an extra precaution the roof 
should have felt sufficient to cover it sent with it. Contractors taking 
in hand large works abroad with these huts are able to house their 
men immediately on their embarking. In very hot climates it is 
advisable to have an additional skeleton roof on posts to take the first 
heat of the sun, and by doing this a verandah all round can easily be 
formed at the same time. The cost of the hut as shown in the en- 
graving would be about .£40. Still more portable buildings of this 
class are made, but invariably the cost becomes much greater and the 
arrangement of buildings shown has been repeatedly proved to be the 
completest and cheapest of its kind. 
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Pig. 172. 
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WOEKMEN'S BAREACKS. 

Fia. 174 is an elevation, and Fig. 175 a ground plan of wooden 
buildings for housing workmen. The space covered 90 feet X 30 
feet divided into fourteen separate rooms, allows 12 feet X 15 feet 
each for 12 men, and two larger rooms, each 16 feet X 15 feet, for 
the foreman and offices. With the cross partitions taken out, this 
building makes a very useful temporary hospital for towns where an 
outbreak of any contagious kind occurs unexpectedly. Closets and 
urinals are provided in a small lean-to at one end, to which proper 
drains in all cases should be laid. It is generally lined throughout 
and ceiled, a clear space being left between the ceiling and the roof 
proper the full length of the building for ventilation, and a hinged 
ventilator is provided, opening into this from each compartment, while 
louvred gables are inserted at each extreme end. The sides are 
formed of 4 inch timbers boarded outside with | inch weather board- 
ing, and lined with £ inch match board. The windows when used 
as an hospital are hinged at the base of the top sash and fall inwards, 
as barracks. The rooms are lighted by ordinary casements and frames. 
The floor is 1 inch thick laid on 4J inch X 3 inch joists, resting 
on longitudinal sleepers placed 5 feet apart. The floor should be kept 
well off the ground, and if a brick dwarf wall is inserted under the 
sills sufficient air bricks should be inserted as will secure a through 
current of air underneath the joists. In a plain building of this kind 
corrugated zinc or iron is to be preferred to felt for the roof as being 
more durable and less liable to leakage. The costs of these quarters 
complete is about from £385 to £420, and if well looked after they 
will last 15 or 20 years. As barracks, workmen readily pay a good 
rent for their use, and at the expiration of the time named the building 
may be in a saleable condition. 
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COTTAGES FOR MINERS, ETC. 

The class of building shown in Fig. 176, and of which Fig. 177 gives 
a ground plan, is adopted for the housing of miners or other workmen 
and their families in hilly, and out-of-the-way districts, or wherever 
more substantial materials than timber is not readily procurable, and 
again when time will not allow of stone or brick buildings being 
erected. There are large numbers of them in South Wales let to the 
workmen by the colliery and ironwork proprietors at a weekly rent. 
The whole of the work is of timber, with the exception of the cross 
partitions occurring every 44 feet, which is generally of rough rubble, 
or otherwise of brickwork, and in this the fire-places for cooking, &c, 
are placed. The space covered by each cottage is 22 feet long by 23 
feet wide, divided into a living room or kitchen 23 feet X 13 feet, and 
two bed-rooms each 11 feet by 8 feet, with a pantry attached as a 
lean-to about 6 feet X 4 feet. The sides of the cottage are 9 feet 
high. Occasionally the partition dividing the bed-rooms is extended 
to the cross wall, thus reducing the kitchen to 13 feet X H &©*» and 
giving an additional front room of the same dimensions. A rough 
rubble dwarf wall is put in under the sills, and often the kitchen, 
living-room, and pantry is paved, the bed-rooms only having wood 
floors. The sides are composed of 3 inch framing, with f in. outside 
boarding, and £ in. side lining, with which also the roof is generally 
ceiled throughout, and hinged ventilators placed in each bed-room. 
The roof is covered outside with slates, and when built in blocks of 6 
or 10, they have a very good appearance, and if the work is placed in 
good hands, the latter number can be erected within 6 weeks. The 
outside of the work receives three coats of good oil colour and the interior 
is sized, stained and varnished. Their cost runs from £95 to ,£100 
per cottage fixed complete, but this depends in a great measure upon 
the accessibility of the site on which they are built, and as they are 
only adopted in out-of-the-way districts this item requires attention. 
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CONTRACTOR'S OFFICE. 

The building shown in Fig. 178, and of which Fig. 179 is a ground 
plan, is designed to form a temporary office for the use of contractors 
or others carrying out large works of any kind ; having accommodation 
under the one roof for the continual residence of the time-keeper or ' 
other person in charge of the work. The advantage of suph a building 
is that it can be bought and erected at very short notice, and that it 
enables the contractor to have his interests attended to immediately 
the work is commenced. There have been numbers of these built on 
this pattern throughout the country giving universally great satis- 
• faction. The only stone or brickwork needed beyond a dwarf wall 
for the sills to rest on are the three chimney stacks and their respec- 
tive hearths. The size of the building shown is 33 feet by 34 feet ; 
and it is 10 feet high to the eaves, the lean-to forming the back 
kitchen is 15 feet by 8 feet. The lobby, kitchen, and scullery are 
generally paved either with stone or brick on edge, and the three other 
room3 have wood floors. The outside framing is 3 inches thick, with 
J inch outside boarding, and the whole building is lined and ceiled 
with \ inch lining. The roof is covered with slate, the rafters being 
3" X 2" placed 15 inches apart from centre to centre. The outside 
receives three coats of oil colour and the interior is sized, stained and 
varnished. Its cost, exclusive of brickwork or masonry erected com- 
plete, is about £150, for which sum ample accommodation is given for 
a contractor's private business room, the assistants, &c , having besides 
a room separate, and devoted to their own use. In addition, a person 
can always be resident on the works, and in wild districts provisions 
can be stored for use when required. 
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BARN AND GRANARY. 

The woodcuts given as Figs. 180 and 181 represent a two-storied 
building, the top floor being used as a granary. This is a very neces- 
sary adjunct of a farmstead, and is constructed in the most substantial 
manner to sustain the greatest weight which can be stored in the top 
floor. Structures of two floors are not always desirable in timber, but 
where the load is stationary as in this case, it may be adopted with 
perfect satisfaction. The corner posts are 7" X 7"> door posts 5 \" X 4", 
and intermediate posts b%" X 2£", well-braced with diagonals 4£"X 3". 
It is not lined,- and is covered on the exterior with £ " weather board- 
ing. The roof is either slated or covered with corrugated iron or zinc, 
but the first, viz., slating is to be preferred. Tiling of any kind makes 
also a very durable covering, but requires stronger framing than we have 
allowed for in the sum named below. The building is represented as 
being 50 feet long by 20 feet wide, the height from ground floor to 
upper floor being 11 feet, and from ground floor to eaves 16 feet The 
joists of ground floor are 4J" X 3" on sleeper joists placed 5 feet apart 
on which is laid a floor one inch thick, iron-tongued, and the upper 
floor is composed of 9" X 3" joists laid 15 inch centre to centre, braced 
twice with herring-bone strutting and covered same as ground floor. 
The sills of the building are laid on bricks or stonework, and in each 
case air bricks are inserted to ensure a good current passing under the 
joists. The cost of such a building erected complete is about £235 
painted three coats oil colour. 
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STOEEHOUSE. 

Figs. 182 and 183 show the elevation and plan of a warehouse or 
stores. It is represented as being 60 feet long and 30 feet wide, 
containing a lock-up stores the full length of the building by 15 feet 
wide ; two smaller ones, either of which may be used as offices, 15 
feet long by 1 feet wide, and a cpvered space for keeping goods in the 
dry, of about 40 feet by 15 feet. The general arrangement is very 
good for such buildings, as they are generally erected close to the 
water in canals or docks, or it serves equally well as a good shed for 
railways. It is either constructed entirely of timber, or the main 
columns are of iron, simply filled in with wood framing. The sides 
are 12 feet high, the floor 1 J" thick, tongued with hoop iron laid on- 
proper joists, and it is ceiled only in the enclosed spaces ; light and 
ventilation being given immediately under the eaves, the projection 
of 5 feet all round the building keeping the weather out. All doors 
are 2 incb, framed and filled in ; and the windows, part of which 
are hung on centres for ventilation, are two inches thick, glazed with 
21 oz. Hartley's rolled plate. The whole of the exterior, both in roof 
and sides, can be covered with boarding or with corrugated iron 
bolted to the wood transoms placed between the timber uprights or 
iron columns. 

The cost of the building shown would be about £450, erected 
complete, including all materials. 
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CRICKET PAVILION. 

The cricket pavilion shown in Fig. 184, and of which Fig. 185 is a 
ground plan, is designed as suitable only for the temporary use of 
junior clubs, being only 30 feet long by 20 feet wide and 9 feet high 
to eaves. It is, however, well lighted and furnished with refreshment 
bar, a seat being placed all round the inside of the building, the under 
portion of which is divided into lockers for stowing away the imple- 
ments used in the game. 

The front has a sloping stage for the use of lookers on, and the roof 
projecting over this affords shade and shelter, this projection being 
also carried slightly round the whole of the building. The sides are 
composed of 3 inch framing, covered with £ inch weather boarding, 
painted three coats good oil colour. The roof is best slated, and the 
whole of the interior is lined throughout with J inch matched boarding 
well stained and varnished. The flooring is 1 inch thick, laid on 
strong joisting ; the doors are 1J", four panelled, properly hung; and 
the windows are 2 inch, glazed 21 oz. clear sheet. Its cost is about 
£130, erected complete, including all materials. 
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CRICKET PAVILION. 

Tigs. 186 and 187 represent the elevation and ground plan respectively 
of a similar cricket pavilion, but much larger than the last example, 
being 40 feet long by 23 feet in the clear, and 10 feet high to the 
eaves. It is surrounded by a verandah 6 feet wide on three sides, 
supported by cast iron brackets carried by the main building. The 
interior is fitted up with refreshment counter and stores on one side of 
same, and on other side a dressing-room. Seats with lockers in are 
provided all round as before. The main building is lighted altogether 
from the front, the sashes being hinged at the top ; by this means the 
whole of the pavilion can be used as a smoking lounge and thrown 
open to the field. The refreshment-room, stores, and dressing-room 
are lighted from the back. The framing is all 4 inches thick, covered 
with f inch weather boarding, and the inside lined throughout ; the 
partitions being simply 1" matched boarding with suitable ledges. 
All the doors are If inch four panel, and saehes 2 inch glazed 21 oz. 
glass. The roof is best when elated, and those which have been 
erected on this plan give general satisfaction. Painted three coats 
good oil colour outside, and stained and varnished inside, erected 
complete with all fittings, its cost is about £315, 
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INFANTS* SCHOOL-EOOM. 

Fig. 188 shows the elevation and Fig. 189 the ground plan of a village 
schoolroom, and as it is only for temporary use, forming simply the 
beginning of a more advanced class of building, it is constructed 
of wood throughout, as being the most inexpensive. The one shown 
is 25 feet long by 16 feet wide over all, and 9 feet high at the eaves. 
At oneend a lean-to is supplied, forming closet and cloak room, fitted 
with pegs for keeping each scholar's clothes separate. This size will 
accommodate fifty children, and the utmost care is taken to secure 
proper ventilation. The framing is 3 inches thick, covered on the 
sides and ends with £ inch weather boarding, the roof being slated. 
Such a building, painted three coats good oil colour outside, the inner 
surface being stained and varnished, would cost from £80 to £90> 
erected complete and fit for occupation. 
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SCHOOL-ROOM. 

Pigs. 190 and 191 give the elevation and plan of a school-room of a 
somewhat more pretentious character, and capable of accommodating 
eighty children, being 30 feet by 17 feet, with porch, closet and cloak 
room as before, but on a larger scale. The sides are 11 feet high, 
■with a slated roof, and the inside of the building is ceiled, while 
dormer louvring is so arranged that a current of air passes through 
the two gables as well as the sides of the roof as shown. This amply 
provides for thorough ventilation. The whole is constructed of 4 inch 
framing covered with J inch weather boarding, while the floor is 1 inch 
thick, secured to proper joisting. The doors are If" thick, the 
windows all 2", the top portion of the latter swinging on centres 
The cost of such a structure would be from £150 to £160, erected 
complete, fit for occupation. The outside covering may be of corru- 
gated iron or zinc, but we consider timber construction better, neater, 
and more suitable for the purpose for which the building is designed. 
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SCHOOL-ROOM. 

Another design for a still larger infant school-room is given in Figs. 
192 and 193. The size being 40 feet long by 20 feet wide, enables 
accommodation to be given to 100 or 120 children. The con- 
struction is somewhat similar to the last, but the closets are taken 
as detached, or in a separate building. The framing is all 4 inches 
thick, the outer boarding and floor same as before, with a slated roof. 
The cost, erected complete, would be about £220. Any building of 
this description can be completed with a considerable amount of 
ornament if desired, while, being all lined inside, they form very 
comfortable warm rooms, either in summer or winter ; in the latter 
season, again, there are now a very numerous variety of stoves, 
burning but little fuel, and very applicable for heating thoroughly 
such structures, thus when done with, the whole can readily be 
removed to some other site and easily re-erected, no brick or stone- 
work being required. In districts where there is a sparse population, 
and where more durable materials and labour are both equally dear, 
these rooms will be found to give all the accommodation necessary, 
and to turn out quite satisfactory in all respects. 
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SCHOOL-KOOM. 

Figs. 194 and 195 show the elevation and ground plan of a school- 
room to be used as an adjunct to a church, chapel., or other ecclesias" 
tical building. It is designed as being 50 feet long and 26 feet wide, 
and 12 feet high at the eaves, accommodating about 150 scholars 
There is a very effective porch and bell-turret, and like the other 
examples, it is capable of being treated with a considerable amount of 
ornamentation. The sides and ends are formed of 4 inch framing, 
covered with f inch weather boarding, and the roof is slated, or, if 
desired, the roof can be covered with corrugated iron or zinc, but 
boarding is the most suitable material for the sides and ends. The 
great object to be borne in mind in these school buildings is that a 
proper amount of space is allowed for the number of persons accom- 
modated, and that ample means of ventilation is secured. In this 
instance the latter is given by having a considerable space between 
the outside roof and inner ceiling, and numerous openings to the 
exterior allow of the air circulating freely. The cost of the building 
shown, fixed complete, would be about £346. 
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CHURCH TO SEAT TWO HUNDRED. 

Fig. 196 is the elevation of a temporary church of which a ground 
plan is given in Fig. 197. The inside length is 45 feet and the 
breadth 25 feet, and this will seat 200 persons comfortably. The 
arrangement of seats, desk, pulpit, &c, would be somewhat as shown. 
There is also a bell-turret and porch provided, and the whole building 
is capable of considerable ornamental treatment. The framing 
throughout is 4 inches thick, and the roof has open framed principals, 
treated in accordance with the other portion of the building. It is 
well lighted, the sides being 12 feet high to the eaves. The outside 
roof covering may be of corrugated zinc, iron, or slates, and the sides 
may also be of zinc or iron fastened on the wood framing, but we 
prefer their being boarded. The whole of the interior, including the 
ceiling, is lined with thin matched boarding, and the various examples 
that have been constructed somewhat upon this pattern have given 
great satisfaction. The cost of this church, erected complete, would 
be about £385, not including the seats and inside fittings, which are 
best estimated for separately. 
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Fig. 198 shows a church, the dimensions of which being 70 feet in 
length and 30 feet in breadth, will accommodate 400 persons seated. 
The inside elevation is given in Fig. 199, with all the pews, &c, 
removed. This building is well-ventilated and lighted, has a porch 
and bell turret, and the construction is treated generally somewhat as 
the smaller one of the same kind formerly described. The cost of this, 
fitted complete with all interior fittings, would be about £715. Zinc 
of the Italian pattern laid on 3" X 2" rolls, makes a good outside 
covering for structures of this kind, and though somewhat expensive 
at first, the metal when done with can be sold for nearly its original 
cost, since it deteriorates very little by exposure to the weather. 
Square tiles are made in this material, also embossed to represent 
coursed rusticated masonry, and when painted, the effect of such 
treatment is very good. 
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Thb church shown in Fig. 200, and of which- Fig. 201 is a 
ground plan, consists of a central nave 85' 0* long, X 22' 0* wide, 
and two side aisles each 85' 0" X 10' 0% and this building will 
accommodate 600 persons. It has in addition a porch, bell turret, 
and vestry-room, and forms a very complete structure. There can be 
a large quantity of ornamentation used in carrying out the design, 
and it may be covered totally with corrugated iron or zinc, but we 
ourselves prefer wood sides and slated roof. With floor throughout 
1 inch thick on proper joists, and with seats, pulpit, and reading desk, 
the cost of this structure would be from £900 to £950 fixed complete. 
These buildings are of course intended for temporary use only, and 
are often, when they have served the purpose in the district in which 
they were originally built, removed and erected elsewhere. Generally^ 
they readily find purchasers, and in the event of a very old church 
being restored or rebuilt, they are very serviceable in affording a con- 
gregation a temporary place of worship till such repairs have been 
executed. 
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Fig. 202 shows the interior of a drill-hall or gymnasium built upon 
the principle so well-introduced by the late Captain Fowke, and else- 
where described (page 36). The light is admitted chiefly from the 
central skylight, and, the gable ends and louvring being placed at the 
eaves, it is well-ventilated. There are many purposes for which this 
building is adapted, such as Temporary Exhibitions, Flower Shows, 
&c. Its cost varies according to the size of the building, but an 
average price of £16 or £17 per 100ft. super, of ground covered 
would be a fair price for such a building erected complete, 
covered with felt. When a still larger space is required, as 
would, for instance, be necessary in the drill-hall of a large town, 
Fig. 203 would be more appropriate (see page 36), especially as any 
covering could be used, the construction of the principals allowing 
of any strength being attained. The cost of this covered with a 
durable material would vary from £20 to £22 per square covered 
according to the width or span of the building. 



j 
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Figs. 204 and 205 are roofs largely used in building sheds, ware- 
houses, &c. The former has been already described at page 34. The 
advantage of this circular form of roof is that it can be made up to 
100 feet span without inner or centre supports, and where a wide, 
clear space is required, it takes the lead of any other description of 
roof. Skylights and ventilators can be added where required readily. 
Its average cost would be from 30s. to 75s. per square of 100 feet 
super, for the roof only, fixed and measured over the outside of the 
curve, the great difference being accounted for by the increased 
expense as the span becomes greater. The roof shown in Fig. 205 
forms also a most economical shed, and has this advantage, that 
being framed in the simplest manner and the contour being fiat, by- 
placing the principals from 5 feet to 6 feet apart, slates instead of 
felt can be used. 
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CHAPTER VIIL 
STRAINS OF ROOFS, ETC. 

Mode of arriving at the proper Dimensions of Scantlings when the total 
weight of the the load is ascertained; Tables of seme for those most used in 
practice. 

rpHE weights of roofing for the calculation of strains may be appifoxi- 
mately taken in lbs. per ft. super, of ground covered as follows : — 

Angle of Roof with Horizon being. 
15° J5° 85° 45° 



Roof covering being tiles . . • . . . 34 lbs. 44 lbs. 54 lbs. 64 lbs. 

felt — zinc, or sheet iron 21 ,, 30 ,, 38 ,, 47 ,, 
pantiles or slates.. 28 „ 37 ,, 47 ,, 56 ,, 



t> 



The variation per foot super, is due to the increased force of an 
horizontal wind, as the angle of roof becomes steeper and the greater 
weight of the materials in covering of same compared with one at a 
less angle to the horizon. 

The sizes of scantling requisite for a king post roof similar in design 
to Fig. 206 may be derived from a list of initial numbers representing 




Fig. 206. 



the intensity of the strain in terms of the whole weight carried by the 
roof, in each portion of the frame, at three different degrees of inclina- 
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tion, and this will apply to all the other tables of initial numbers here 
given for roofe. 



Angle 

of 
Boof. 


AB 
or + 
BO 


DP 

or + 
EF 


BF- 


AC- 


15° 


•97 


•25 


•13 


•93 


25° 


•71 


•19 


•13 


•65 


35° 


•44 


•12 


•13 


•36 



F E is supposed to be parallel to A B. 

The sign + means compression, — tension. When both signs are 
given it may be either a tensile or compressive strain. 

In a wood roof with a straight tie beam as at A C, it is usual to 
treat that portion of the frame, as a beam bearing a weight distributed, 
equal to the tension thrown upon the king B F, or queen posts, 
where there are two of them. The intensity of the strain being 
known, the various Tables A, B, C, D, E, F, and G, given at the end 
of the work, are used thus — 

Example : Given a king post roof. Span 20 feet, covered with 
slates, aigle b*ing 25°, and the principals being placed 10 feet apart, 
to find the correct scantlings, small rafters 18 inches apart centre to 
centre, and having one purlin in centre of matn rafter. 

Total weight on a bay of the roof = 20 X 10 X 37 = 7,400 
Strain on tie beam AC = 7,400 X *13 = 962 lbs. 20 feet long 7x3 
strut D F = 7,400 X '19 =1,406 lbs. 5feetlong 3 X 1J 
rafters A B = 7,400 x '71 =5,254 lbs. 11 feet long 5X3 
king post B F = 7,400 X -13 = 962 lbs. 
small rafter =20x1-5x37= 278 lbs. 



)> 



»» 



i> 



a 



it 



t* 



purlins 
ridge 



= 7,400 =1,840 lbs. distributed. 
4 

= 7,400 = 925 lbs. do. 

8 



Now taking the tie beam A C on reference to table D, and assum- 

ing the framing to be 3 inches thick throughout, we take - "1 lbs. = 

o 

321 lbs., and being 20 feet long, with that weight distributed, we find 

the .depth to carry 161 lbs. at the centre to be 7 X 3. The strut 



156 



Wood and it* Uses. 



D F being 5 feet long, and having a thrust on it equal to 1,406 lbs., 
we find by Table A should be at least 4£ square inches, 3 X H inch 63 
will, therefore, be ample. By the same Table A B is found to be 15 
square inches, or say 5X3. The king post B F has a tensile strain 
of 962 lbs., and this by Table G could be made, at least | inches 
square, at its centre with safety, but it is usually put in six or eight 
times that section. The small rafter carries 278 lbs. distributed over 
its length, which is 5 feet 6 inches long, and by Table D will do 3 X 
\\ inches ; by the same table, the size of the purlins and ridge will 
be found to be respectively 6 X 3 inches, and 6 X *£ inches. 

The strains on the queen post roof, shown in outline in Fig. 207, 
are as follows : — 




Where AC = CE= EGX BHandKFare parallel to the 
rafters A D, D 6. 



Anrfe 

of 
Roof. 


AD 
or + 

DG 


CB + 


BH + 

or 

KF 




Along 

HE + 


AG — 


CH- 

or 

EK 


15* 


'97 


•32 


•16 


•32 


•93 


•04 


25° 


•71 


•22 


•13 


•22 


•65 


•07 


35' 


•44 


•12 


•09 


•12 


•36 


•09 



There is no strain on I D beyond half the weight of the tie C E. 

» 

Example : In a timber roof covered with slates 32 feet span, angle 
25°, distance "between principals 10 feel, what are the correct sizes of 
scantlings ? 

There the total weight = 32 X 10 X 37 = 11,840 lbs. 

The tension on each queen post = 11,840 X 'W = 829 lbs., or by 
table each would do J in. square at the centre. This thrust is given 
on each side of the centre of the tie beam A G, and are together 
equal to a strain of about 1,275 lbs. in its centre* with this distributed 
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load, and assuming the tie beam to be 3 in. thick, the size should 
be, by Table D, about 10 X 3 in. 

■ 

On strut B H or K F = 11,840 x -13 = 1,539 lbs., 4 feet long, by 
Table A, say 3 X 1*. 

On main rafters ADqtDQ= 11,840 x 71 = 8,406 lbs., 18 feet long, 

say 5x3. 

On collar B . . . . \ = 11,840 X '22 = 2,605 lbs., 10 feet long, 
Or straining piece HE) say 3 x 2 J. 

In this description of roof the centre space from H to K is some- 
times used as a living-room or workshop, in that case, for the addi- 
tional strains multiply the additional weight by the numbers given in 
the following Table, and add this to the strains given by the roof and 
its covering. 



Angle 
Boof. 


AD 

or 
DO 


CE 

or 

HK 


BH 

or 

KF 


AG 


CH 

or 
EK 


15° 


1-60 


•52 


•26 


1-54 


•37 


25' 


1-17 


•46 


•19 


1-07 


•37 


35° 


•73 


•40 


•12 


•60 


•37 



In Fig. 208 a queen post roof is shown in outline, in which the 
king rods and ties are of wrought iron, and the latter are slightly 
inclined to the horizon. 

• AB = BO = OD. 




Pig. 208. 



Angle 
Boof. 



15° 
25° 
35° 



AB + 


BC + 


AE — 


BE — 


or 


or 


or 


or 


CD 


EP- 


FD 


CF 


1-63 


1-61 


1-62 


•15 


1-16 


1-12 


1-13 


•12 


•69 


•63 


•64 


•08 



Inclination of 

Tie Bod 

to Horizon. 



Iinl5 
linl3 
linlO 
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Example; In a timber roc/with king and tie rods of iron, 35 fitt 
span angle 25°, the principals being 10 feet apart, what should be the 
sizes of the saantlitigs, &c. ? 

Total weight = 35 X 10 X 37 = 12,950 lbs. 

On inclined tie rod A E or P D = 12,950 X 1*13 = 14,633 lbs., by 
Table G, 1 \ round. 

On king rod B E or F = 12,950 X -12 = 1,554 lbs., by Table G, 
J in. round. 

On main rafters A B or D = 12,950 X 1*16 = 15,022 lbs., 13 feet 
long, by Table A, say 8 X 4. 

On transom B = 12,950 X 1-12 = 14,504 lbs., 13 feet long, by 
Table A, say 7 X 4. 

Or tie rod E P, by Table G, 1 J round. 

In Fig. 209 another form of queen post roof is given, in which the 
centre portion is braced, this may be done either by the diagonals 
E H or C K, or by the struts dotted in at D H and D K. 

N.B. — The tie beam is assumed to be divided into three equal 
portions, and the struts are therefore parallel to the rafters. 




ssw 



Pig. 209. 
The strains are as given in the following Table :■ 



Anele 

of 
Boof. 


AC 

or + 
EG 


CE + 

or 
AG — 


BH 

or + 
FK 


HD 
.or + 

ED 


EH4 

or 

KC 


CH- 

or 

EK 


'When H D or C K 

is used, then 
t H or E K becomes 


15 

25° 

35° 


•96 
•71 
•45 


1-33 
•95 
•56 


•16 
•12 
•08, 


•34 
•28 
•21 


•33 
•25 
•16 


•17 
•17 
•17 


•25 
•25 
•25 



Assuming that the principal is 'Composed wholly of timber, the 
span and other particulars and the weight the same as the last 
example, then the dimensions of scantling would be as follows : — 

On main rafter A or E G = 12,950 X '71 = 9,194 lbs., 11 feet Jong, 
or by Table A, say 7 x 3. 
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On transom E = 12,950 X '95 = 12,302 lbs., 13 feet long, or by 
Table A, say 9 X 3. 

On strut B H or F K = 12,950 X *12 = 1,554 lbs., 6 feet long, or by 
Table A, say 3 X 1J. 

On diagonal K or H E = 12,950 X "25 = 3,237 lbs., 14 feet long 
oy Table A, say 4X3. 

On strut H D or D K = 12,950 X '28 = 3,626 lbs., 9 feet long, say 
3X3. 

The strain on centre of the tie beam from the two queen posts will be 
found to be about 2,737 lbs. on each, and the queen posts C H or E K 
themselves = 12,950 X *17 = 2,201 lbs., or by Table G 1§ square, 
and taking the tie beam, as 32 feet long, and haying a distributed weight 
of 2,737 lbs.', its scantling by Table D, will be about 6 X 4. 

Eig. 210 is the outline of a roof generally composed of two wood 
or iron rafters, with wrought-iron or wood ties stretching from the 
foot of each rafter to a point higher than the centre of the other. The 
strains are as follows when the distance B C or C D equal two- fifths 
of the full length of rafter : — 



*>-* 




Fig. 210. 



Angle 
Eoof. 


AC-f 
or 
CB 


AD~ 

or 

BE 


CP- 


15° 
25° 
35° 


1-68 

1-22 

•76 


1-64 

1-14 

•64 


•37 
•37 
•37 



Example ; In a roof of 25 feet span, principals 10 feet apart, angle 
15° covering slate, what are the correct sizes of the scantlings, king 
and tie reds being iron ? 

Total dead weight = 25 X 10 X 28 = 7,000 lbs. 
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Onrafters A C and E = 7,000 x 1*68 = 11,760 lbs., 14 feet long, by 
Table A, say 7 X 4. 

On tie rods A D or B E = 7,000 X 1*64 = 11,480 lbs., by Table G, 
say, 1 J round. 

On king rod F = 7,000 x '37 = 2,890 lbs. by Table G, say | round. 

Fig. 211 is a roof on somewhat the same principle, but with the 
tie rod at an inclination to the horizon, the struts B F and D F are 
parallel to the rafters A C or C ?. 



Si--* 




Fig. 211. 



Angle 
Boof. 


AC + 
or 
CE 


BF + 

or 

DP 


AP- 
EF 


CF — 


Inclination 

of Tie 
to Horizon. 


15° 
25° 
35° 


1-27 
•90 
•53 


•30 
•22 
•13 


1-23 
•84 
•44 


•30 
•28 
•25 


Iinl5 
1 in 13 
linlO 



A roof of this kind, constructed under the same conditions as the 
last, should, therefore, have scantlings as follows, viz. : — 

On rafters A C or E = 7,000 x 1'27 = 8,890 lbs., 14 feet long, by 
Table A, say 5£ by 4. 

On strut B F or D F = 7,C00 x *30 = 2,100 lbs., 6 feet long, by 
Table A, if wood, say 3 x 2 ; if cast iron, by Table B, 1 J inch diameter. 

On tie rod A F or E F = 7,000 x 1'23 = 8,610 lbs., by Table G, 
{ inch round. 

On king rod F = 7,000 X '30 = 2,100 lbs., by Table G, J inch 
round. 

In Fig, 212 the outline of a roof is shown in which, in addition to 
An iron tie rod inclined to the horizon there are also braces, the dis- 
tance A B' and E D' being one-seventh, and B C and C D being two- 
sevenths, the full length of the rafter. Under these conditions the 
strains are as follows : — 
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Fig. 212. 



Angle 

of 
Eoof. 


AC + 

or 

CE 


BF + 

or 

DF 


AH — 

or 

EH 


B'F + 

iy f 


CH- 


Inclination 

of Tie 
to Horizon. 


15° 
25° 
35° 


1-2(3 
•89 
•61 


•44 
•31 

•18 


•82 
•58 
•33 


•40 
•25 
•10 


•28 
•24 
•20 


1 in 15 
linl3 
1 in 10 



;i= 



AB 

Eiy 

BC > 
CD ) = 



l-7th 
ratter. 

2-7th 
ruiter. 



Example. — In a roof 40 feet span, principal* 10 feet apart, angle 
25°, the whole being of timber with the exception of the tie rod and 
Icing belt, required the scantlings, the covering being felt. 

Total weight = 40 X 10 X 30 = 12,000 lbs. 

Main lafter A C cr C E = 12,0C0 X '89 = 10,680 lbs., 23 feet long, by 
Table A, 9 X 4. 

Stiut BF or D F = 12,000 X *31 = 3,720 lbs., 7 feet long, by Table 
A, say 3J x 3. 

Tie rod A H or E H = 12,C00 X -58 = 6,900 lbs., by Table a, £ inch 
round. 

Tie B' F or D' F = 12,000 x '25 = 3,0C0 lbs., 15 feet long, by Table A, 
say 4 x 3. 

King rod H = 12,000 X '24 = 2,880 lbs., by Tablo G, say J inch 
round. 
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The roof shown in outline in Fig, 213 is best constructed with 
the main rafters A D, D G, and the struts B H or H'H of wood or cast 
iron, and all the other portions of the truss in wrought iron, the depth 
of the truss at H'H varies as the angle of roof ; we give, however, 
in the table of strains the proportions we have taken. The strains 
areas follows : — 



Angle 

of 
Roof. 


AD + 

or 

DG 


KE + 
or 

BH 


AH — 

or 

KG 


HK- 


HD — 
KD 


When Strut ia 
Square to Rafter 

HH' + 


Ratio of H H' 

to Length of 

Rafter. 


15° 
25° 
35° 


1-58 
1-18 

•78 


•08 
•07 
•0(5 


1-50 

Ml 

•67 


•80 
•62 
•37 


•70 
•53 
•35 


•12 
•11 
•10 


One-twelfth. 

One-ninth. 

One-sixth. 



Example. — In a roof of this kind 40 feet span, principals 10 feet 
apart, covered with slates, what should be the size of the scantlings, 
angle of roof being 35° % 

Total weight t= 40 X 10 X 47 = 18,800 lb*« 

On rafter A D or D G = 18,800 x *78 = 14,664 lbs., 24 feet long, by 
Table A, say 9x5. 

On strut K E or B H = 18,800 x '06 = 1,128 lbs., 5 feet long, by 
Table A, say 3 X 1 J inoh ; if cast iron, by Table B, say 1 J inch diameter. 

On tie rod A H or K G = 18,800 X -67 = 12,596 lbs., by Table G, 
1} inch diameter. 

On tie rod at H K = 18,800 x '37 = 6,956 lbs., by Table G, J inch 
diameter. 

On tie rod H D or K D = 18,800 X '35 = 0,580 lbs., by Table G, 
J inch diameter. 

If the strut is at H H' = 18,800 X -10 = 1,830 lbs., 4 feet long, by 
Table A, say 3 X 2 ; if of cast iron, by Table B, say 2 inches square. 

In Fig. 214 a very similar roof is shown, but in this case the 
rafter is further subdivided, and the depths of the struts at centre 
of rafter as at D E being the same as before, the strains are as fol- 
lows : — 

The other side of the roof is strained, of oour3e, iu prasnelythe saina 
manner. 
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Fig. 214. 



Angle 
! of 
| Boof. 


AH + 


DE + 


or 
BC 


AE — 


EH- 


CD — 

or 
DG 


EK — 


15° 


1-42 


•12 


'06 


1*38 


•69 


•17 


•70 


25° 


1-08 


•11 


•06 


1-00 


•54 


•13 


•50 


35° 


•74 


•10 


•05 


•63 1 


•38 


•08 


•30 



A roof, therefore, erected under tlic same conditions as the last ex- 
ample, say at an angle of 15°, would require the following scant- 
lings : — 

Total weight = 40 X 10 X 28 = 11,200 lbs. 

On main rafter AH = 11,200 x 1'42 = 15,904 lb-., 21 feet long, say 
10 X 4. Table A. 

On strut D E = 11,200 X '12 = 1,314 lbs., 2 feet long, cast iron 
1 in. diam. Table B. 

On struts F G or BC = 11,123 x 06 = 672 lbs., 1 foot long, cast 
iron J in. diam. Table B. 

On the tie A E =11, 200x1 -38=15, 456 lbs. Table G. 1£ in. diam. 

On the tie E H =11.200x '69= 7,728 lbs. do. J in. diam. 

OnthetiesODorDG=ll,200X '17= 1,9C4 lbs. 

On the tie EK =ll,200x '70= 7,840 lbs. 



do; 
do. 



i in. diam. 
1 i i. diam. 







Flg. 215. 






••• •• 
• • • 



•• •• 

• ••• 

• • • 



Fig. 215 give3 the outline of the N roof so often us3cl in railway 
stations, workshop?, &c. The strains upon this kind of frame variea 
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as the number of divisions made in the rafter, and the inclination of that 
rafter and the tie to the horizon. We give below the initial numbers 
in principals divided from 12 to 6 on roofs at an angle of 15^ and 
25°. 



Anglo 


Main 




1st 


2nd 


3rd 


4th 


5th 


1st 


ted 


3rd 


4th 


5th 


of 


Bafter 


Tie 


Strut 


Strut 


Strut 


Strut 


Strut 


Bod 


Bod 


Bod 


Bod 


Bod 


Hoof. 


AN 


AM 


BC 


DE 


VQ 


HE 


LM 


DO 


FE 


HG 


LK 

- 


NM 



With 12 divisions, as in woodcut. 



15° 
25° 



15 



113 1 



15° 
25° 



15° 
25° 



a r 



1-29 


1-26 


•10 


•11 


•12 


•13 


•14 


•02 


•04 1 


•06 


•08 1 


•75 


•68 


•05 


•07 


•08 


•09 


•11 


•02 


•04 1 -06 


•08 | 




With 10 di\isions. 




r 1-29 1 


1'26 f -12 
„ • -68 | -07 


•13 


•14 


•16 




03 


•05 


•07 1 -20 


I -75 1 


•08 


•09 


•11 




•03 


•05 


•07 1 "20 




With 8 divisions. 




1-29 


1-26 


•15 


•16 


•18 






•03 


•06 


•18 




•75 


•68 


•09 


•11 


•12 






•03 


•06 


•18 






With 6 divisions. 


• 


1-29 


1-26 


•20 


•22 




1 


•04 1 "16 




1 


•75 


•68 


•12 


•15 








•Oif 


•16 




i 



•21 
•21 



If the tie A M is made straight, and not inclined, then the strains 

For 12 divisions. 
15' 
25° 



15" 
25° 



15° 
25° 



15' 
20' 



•96 


•93 


•08 


•09 


•10 


•11 


•13 


•02 


•04 


•06 


•08 


•58 


•54 


•04 


•06 


•08 


•09 


•12 


•02 


•04 


•06 


•08 




With 10 divisions. 




I -96 


•93 


•10 


•11 


•13 


•15 




•03 | -05 


•07 1 -20 | 


1 -58 


•54 


•06 


•07 


•09 


•11 




•03 1 -05 


•07 J -20 | 




With 8 divisions. 




•96 


•93 


•12 1 -13 1 -15 






•03 


•06 


•18 




•58 


•54 


•09 1 *10 | -12 






•03 


•06 


•18 






With 6 divisions. 




•96 


•03 -16 


•18 








•04 


•16 


I 1 


•58 


•54 


•10 


•12 








•04 


«16 




1 I 



are — 

•21 
•21 



fc ». «. 
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The roof shown in Fig. 216 is one somewhat similar to the last, 
but the braces B C and D E being perpendicular to the rafter act 
as struts and not as ties. The tie rod is straight also. This framing 
only looks well when divided into 6 or 4 equal parts, or when the 
angle of roof does not exceed 25?. The strains are as follows, divideoV 
into 6 as in woodcft : — 



Anile 
Eoof. 


Main 

Baiter 

AP 

•96 


Main 
Tie 
AG 

•93 


1st 

Strut 

BC 


2nd 

Strut 

BE 


1st 
Tie 
CD 

•17 


2nd 

Tie 

PE 

•16 


15° 


•09 


•12 


25' 


•60 -55 


•08 


•12 


•09 


•12 




With 4 divisions. 






15° 


•96 


•93 


•12 




•23 


. 


25' 


•60 


•55 


•12 




•14 





Figs. 217 and 218 are each of the kind known as the saw-toothed 
roof, and are largely used in weaving and 'other sheds, the light 
being thrown in from the inner edge of the tooth as at HCorHL. 
We have ^shown the strains, both with a straight tie and an inclined 
tie, as, if wrought iron is used, the latter design would be preferred ;] 
with a straight tie the strains become 



H,^-" 










Fig 


. 217. 










Angle of 
Long Barter. 


AH 


AG 


HO : 


Lst Strut i 
BC 


2ndStrut. 

DE 


3rd Strut 
FG 


lst Bod 
DC 


2nd Bod 
PE 


15' 
25' 


Wi 

1-77 
•98 


th 5 dr 
1-72 

•88 


visions, 
•52 
•56 


as in t 
•21 
•12 


poodcul 
•24 
•15 


•46 

•48 


•06 
•05 


•12 
•10 


. 15' 
25' 


( 1-77 
•98 


1-72 

•88 


f ith 4 <3 
•52 
•56 


[ivision 
•29 
•17 


s. 
•50 
•47 




•08 
•07 




15° 
25 > 


1-77 
•98 


1-72 

•88 


fith 3 d 
•52 
•56 


Ivision 
•81 
•51 


s. 
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Fig. 218. 



"With an inclined tie as in Fig. 218, the strains becomo 



Angle of 
long rafter. 


AH 


EL 


AG 


GL 


1st 

Strut 
B C 


2nd 

Strut 
DE 


3rd 
Strut 
PG 


GK 


1st 
Tie 
DC 


2nd 
Tie 
FE 


1 

3rd 
Tie 
HG 






With 5 divisions, ad in .woodcut. 


15° 


2-28 1 


•52 


2 '20 


•18 


•27 


•30 


•32 


•11 


(•06 


•12 


•30 


25° 


1-16 


•55 


1-05 


•25 


•13 


•17 


•20 


•18 


•06 


•11 


•24 






With 4 divisions. 


15° 


2-28 


•52 


2*20 


•18 


•37 


•39 




•11 


•08 


•28 | 


25° 


1-16 


•55 


1-05 


•25 


•19 


•22 




•IS 


•08 


•22 | 






With 3 divisions. 


15° 


2*28 


•52 


2-20 


•18 


*5o 






•11 


•24 






25° 


1-16 


•55 


1-05 


•25 


•28 






•18 


•19 








Fig. 219. 
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In a lean-to roof, such as is shown in outline by Fig. 219, there 
is a horizontal thrust at B, and also a pressure at A, acting at an 
angle greater than the inclination of the rafter A B ; this latter thrust 
can bo also treated as a transverse pressure acting in the centre of the 
rafter A B. With a distributed load at the various angles, the 
following initial numbers will represent the strain when the distri- 
buted weight = 1 — 



Inclination of 

Feam 

to Horizon. 


Horizontal 
Pressure at B. 


W 


1-41 


15° 


•92 


20" 


•68 


25" 


•54 


30° 


•43 


35° 


•36- 


40° 


•29 


45° 


•25 


50° 


•21 


55° 


•17 


60° 


•14 



Pressure at A, and 
Angle of same. 



1-50 
1-05 
•84 
•73 
•66 
•61 
•58 
•55 
•53 
•52 
•51 



19° 
28° 
36° 
43° 
49' 
54° 
59° 
63° 
67° 
70° 
74° 



Length of 


Bafterwhen 


Span = 1. 


101 


1-03 


106 


1-10 


1-15 


1-22 


1-30 


1-41 


1-57 


1-75 


2-01 



Transverse 

Pressure on 

Beam A B. 



•25 
•24 
•23 
■22 
•21 
•20 
'19 
'18 
•16 
•14 
•13 



Example. — In a lean-to roof covered with zinc, Hie rafters being 5*0 
apart, the angle 15°, and the span 20 feet, lohat should be the dimen- 
sion of the rafter ? 

The weight here = 20 X 5 X 21 = 2,100 lbs. 
2,100 X 1'05 = 2,205 lbs., 21-0 long, by Table A, say 6 y X 2*. 
Length of rafter = 20-0 X 1*03 = 20-6 feet. 

The transverse pressure will be 2,100 X *24 = 504 lbs., by Table D, 
say 9" X 2". 

The largest of these sections should be adopted. 

In all cases where lean-to roofs are used, the strains will be pre- 
cisely the same as those given in the foregoing tables, for one half the 
roof only. 

In the same way we give below the series of numbers applicable to 
trussed beams, girders, &c, but for want of space we have only 
selected a few of those most in use. Fig. 220 shows the simplest 
kind of trussed beam, when loaded all over the strains are, 



108 



Wood and its Uses. 




D 

Kg. 220. 



Batio of Span to 
iepth. 



AC + 



AD — orCD 



BD-f 



lOtol 
15tol 



Loaded all Over. 
1-28 1-25 



1-90 



1-88 



Loaded in Centre or Boiling Load. 



lOtol 
15tol 



2-56 
3-80 



2-50 
3-76 



•50 
•50 



1-00 
1-00 



It will be found by a process precisely similar to that adopted 
in the examples given of roofs, that a trussed wood beam, whose 
depth to span is 1 to 10, to carry 2 tons loaded all over the span 
being 30 feet, would require at A C a section of 30 inches, say 6 
inches X 5 inches, the tie rod A D should be £ inch diameter, and 
the cast-iron strut would do 1 J diameter. If it was not trussed it 
would require by Table D a beam about 12 inches X 7 inches to 
carry the weight 




Fig. 221. 

In Fig. 221 there are two struts with diagonal braces, in which 
case the strains are, 



Batio of Depth 
to Span. 



AD + orEF 



A E — or D F 



OE — orBF 



BE + orCF 



linlO 
tin 15 

linlO 
1 in 15 

linlO 
1 in 15 



When Loaded in Centre. 
2-50 2-34 

3-76 3-32 

When Loaded all Over. 
1-25 * I 1-31 
1-88 I 1-92 

With a Boiling Load. 



2-50 
3-76 



2-62 
3-83 



1-17 
1*66 

•66 
•96 

1-31 
1-92 



•67 
•67 

•50 
•50 

1-00 
1-00 
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10 to I 




Fig. 222. 

With the trussed beam shown in Fig. 222 the strains are, 



Batio of Depth 
to Span. 


AE + 


AG — or 
EG 


CH — or 
CF 


BF 4- or 
DH 


CG + 




When Loaded in Centre. 






linlO 


2-50 


2-56 


1'28 


•50 


1-00 


1 in 15 


3-76 


3-80 


1-88 


•50 


1-00 




When Loaded all Over. 






linlO 


1-25 


1-28 


•96 


•38 


•50 


1 in 15 


1-88 


1'90 


1-43 


•38 


•50 




With a Boiling Load. 






linlO 


2-50 


2-56 


1-92 


•75 


1-00 


1 in 15 


3*76 


3-80 


2-86 


•75 


1-00 




With the beam trussed as in Fig. 223, being a simple combination 
to trusses similar to that shown in Fig. 220, the following are the 
strains when the top member is divided into eight portions, as in wood- 
cut, and also when divided into four only. We treat the remaining 
trusses as having a rolling load only when loaded, all over half the 
strain will be given. 

With a Boiling Load. 



Batio of 
Length to 
epth. 
D 


AI 


IN 
or 

AN 


AL 

or 
IP 


EL 

or 

EP 


CK.AK, 

IB and 

OB 


CM 

or 

GO 


EO 

or 

EH 


BE, DM, 

EN,PO 

or HE 


GP 
CL 


8tol i'2-00 
10 to 1 J 2-50 


8 Divisions, 

2-07 | 1-12 1 1-69 
2-56 1 1*34 1 2-00 


as in Dii 

•71 

•82 


igraca. 

1-04 
M4 


1 1-23 1 1-00 
) 1-30 | 1-00 


•75 
•75 
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With a Diagram lettered in the same rotation as Fig. 223. 



Ratio of 

Length to 

Depth. 



AE 



AG 

or 

EG 



AF 

or 

EH 



C F 

or 

CH 



BF,DH, 
or CG 



4 Divisions. 



8 to 1 i 2*00 
10 to 1 2-50 



207 
2-56 



1-12 
1-34 



1-69 
2-00 



1-00 
1-00 



N.B. — When the beam is loaded all over, take half these strains. 

In the American trussed beam shown in Fig. 224, we give the 
strains as below for beams having the top number divided into 4, 6> 
and 8, equal lengths as the case may be, the lettering in all cases fol- 
lowing the rotation given in the diagram. These strains are taken as 
a rolling load ; when loaded all over, take half these strains. 



B 



d 8 *•■» e 



H 




M N 

Fig. 224. 











Loaded with a Boiling Load. 












Ratio of 












Aw 




















Length 
to Depth. 


AI 

i 


IN 

AN 


AE 
IB 




JO 




IK 
AB 


IL 
AP 


IM 

AO 


HB 
BK 


AL 
IP 


AM 

IO 


CL 
GP 


DM 

FO 


EN 


8 Divisions, as in Diagram. 


8tol 


2-002*07 


•71 


•53 


•37 


•171 -89 


1-52 


1-92 


1-00 1-12 


1-57 


•75 


•50 


•25 


lOtol 


2-50 


2-56 


•80 


•62 


•40 


•21I1-10 


1-91 


2-37 


1-00 1-35 


1-94 


•75 


•50 


•25 



Ratio of 






















Length 


AG 


AK 


AH 


B I, C H, 


AI 


AM 


BH 


AL 


EL 


DK 


to Depth. 


GK 


GM 


EM, FL 


GL 


GH 


FM 


GI 


CI 



C K, D I, 
DL,EK 



8tol 
lOtol 



2-00 
2-50 



2-071 -85 
2-56' -97 



6 Divisions. 
•54 1-451 1-15 
•66 1-751 1-43 



1-00 
1-00 



1-83 
2-25 



•67 I '34 
•67 -34 



Ratio of 

Length to 

Depth. 



AE 



AG 
EG 



EH 
AF 



EF 
AH 



CF.BG, 
CH,DG 



BF 
DH 



•25 
•31 



CG 



8 tol 
lOtol 


2-00 
2-50 


2-07 
2-56 


4 Divii 

1-12 

1-35 


sions. 
1-53 

1-88 


•57 
•67 


1-00 
1-00 


•50 
•50 
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In the parallel lattice girder shown in Fig, 225, the strains vary as 
the angle of end strut, and as the ratio of length to depth of girder. 
As this is a most useful type of girder, we give the strains for a rolling, 
load in cases, where the diagonals vary from 6° to 45°. There is no 
strain on the upright rod, where it is in the exact centre of the girder. 
As before, for a beam loaded all over take half the strains given. 




Fig. 225. 



Angle 
of 1st 
Diag. 



Katioof 
Length 

to 
Depth. 



Top or 

Bottom 

Member 

AMorBN. 



1st 
Bod. 



2nd 
Bod. 



3rd 
Bod. 



4th 
Bod. 



5th 
Bod. 



1st 
Diag. 



2nd 
Diag. 



3rd 
Diag. 



4th 
Diag. 



5th 
Diag. 



10 Divisions. 



45° 
34° 



42° 
31° 



30j° 

28° 

22° 



10 to 1 


2*50 


1-00 


•80 


•60 


•40 


•20 


•71 


•57 


•43 


•29 


15 to 1 


3*76 


1-00 


•80 


•60 


•40 


•20 


•91 


•72 


•54 


•36 






9 Divisions. 






10 to 1 


2-50 


1-00 


•78 


•56 


•34 


•11 


•75 


•59 1 *42 | -26 


15 to 1 


3-76 


1-00 


.78 


•56 


•34 


•11 


•97 


•75 


1 -54 


•33 



8 Divisions. 



10 to 1 


2-50 


1-00 


•75 


•50 


•25 




•80 


•60 


•40 


•20 


15 to 1 


3-76 


1-00 


•75 


•50 


•25 




1-03 


•78 


•52 


•26 


20 to 1 


5-00 


1-00 


•75 


•50 


•25 




1-35 


1-01 


•67 


•34 











7 Divisions 


» 










37° 


10 to 1 


2*50 


I'OO 


•72 


•43 


•14 




•84 


•60 


•37 


•14 


25' 


15 to 1 


3*76 


1-00 


•72 


•43 


•14 




1-13 


•82 


•50 


•18 


19° 


20 to 1 


5-00 


1-00 


•72 


•43 


•14 




1-50 


1-07 


•65 


•23 



6 Divisions. 



31° 

21£ e 

16£< 



10 to 1 


2-50 


1-00 


•67 


•33 






•97 


•65 


.32 




15 to 1 


3-76 


1-00 


•67 


•33 






1-31 


•87 


•44 




20 to 1 


5-00 


1-00 


•67 


•33 






1-67 


1-12 


•64 





15 

•18 



•09 
•11 
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Angle 
of 1st 
Diag. 



Ratio of 
Length 

to 
Depth. 



Top or 

Bottom 

Member 

AM or UN 



1st 
Bod. 



2nd 
Bod. 



3rd 
Bod. 



4th 
Bod. 



5th 
Bod. 



1st 
Diag. 



2nd 
Diag. 



Srd 
Di*g. 



4th 
Diag. 



5th 
Diag. 



27° 
18' 
14° 

22° 
14* 

llf 

16£° 
11° 
8J° 



5 Divisions. 



10 to 1 


2-50 


1-00 


•60 


•20 






1-13 


•68 


•22 




15 to 1 


3-76 


1-00 


•60 


•20 






1-34 


•82 


•31 




koto 1 


5-00 


1-00 


•60 


•20 






2.-08 


1-26 


•42 








4 Divisions, 


(10 to 1 


2-50 


1-00 


•50 








1-33 


•68 






15 to 1 


3-76 


1-00 


•50 








1-91 


•96 






20 to 1 


5-00 


1-00 


•50 








2-53 


1-27 










3 Divisions. 


10 to 1 


2-50 


1-00 


•33 








1-72 


•58 






15 to 1 


3-76 


1-00 


•33 








2-47 


•82 






20 to 1 


5-00 


1-00 


'33 








3-28 


1-09 







2 Divisions. 



111° 


10 to 1 


250 


100 






H° 


15 to 1 


3*76 


1-00 






6" 


20 to 1 


5-00 


1-00 







2-56 
3-84 
.VI 2 




Fig. 226. 

The trussed beam or warren girder shown in Fig. 226 is sup- 
posed in the following Table of strains to be composed of equilateral 
triangles, so that the end strut is always the same inclination to the 
horizon, and AB = BC=AC. The strains vary as the weight 
and depth of the girder. They are taken also as for a rolling load, 
and if the weight is distributed divide the result by 2 : — 

Loaded all over. — Tlje Diagram represents a Beam with 12 Division*. 



Batioof 

Length to 

Depth 

nearly. 


No. of 
Divisions. 


Top or 
IBottomJ | 
Member 
BMorAM 


Ni 
1st 

•58 


limb 
2nd 


eroi 
P 

|3rd 


'Str 
ier. 

4th 


utfz 
5th 


■om 
6th 


N 
1st 


0. oi 
too 

2nd 


f Str 
ppoc 

Srd 


utir 
ate] 

4th 
•26 


iclin 
Pier. 

5th 

•17 


ed 
6th 

•07 


14 tol 


12 


3-50 


•48 


•38 


•28 


•18 


J 
•07 


•54 


•45 


•35 


13 to 1 


11 


3-15 


•58 


•49 


•39 


•29 


•20 


•10 


•52 


•41 


•32 


•21 


•11 




12J to 1 


10 


2*87 


•58 


•46 


•34 


•22 


•10 




•52 


•41 


•29 


•18 


06 




10£ to 1 


9 


2 69 


•58 


•47 


•36 


•24 -13 




•52 


•39 


•27 


•14 






9 tol 


8 


2-30 


•58 


•43 


•28 


•13 






•50 


•36 


•21 


•07 






8 tol 


7 


2-00 


•58 


•45 


•31 


•18 






•50 


•34 


•17 








7 tol 


6 


1-76 


•58 


•38 


•18 








•47 


•29 


•10 








5£ tol 


5 


1-44 


•58 


•35 


•12 








•47 


•24 










4£ tol 


4 


M6 


•58 


•29 










•42 15 
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As an example of the use of these Tables in girders, we will en- 
deavour to find the strains and proper scantlings of an American 
trussed beam similar to that shown in Fig. 224, supposing the span 
to be 50 feet, loaded all over equally with a weight equal to 15 tons, 
the weight of girder being 40 cwt. (nearly the actual weight), and its 
depth |th of the span, or 6 feet 3 inches long. The top beam and 
struts are supposed to be of timber, and the truss rods wrought iron. 

Total weight = 33,600 + 4,480 = 38,080 lbs. 

Table A, say 
Lbs. Long. Ins. Ins. 

Strain on Top Member A I = 38,080 X l'OO = 38,0S0 500 13 x 11 
„ 1st Strut, nRorBK= „ 



2nd „ L or O P = 

3rd „ DM 
,, Centre ,, EN 



„ 3rd „ D M or F O = „ 

— - »» 



X 


•50 = 19,040 


6-3 


5J X 5J 


X 


•375 = 11,280 


63 


4JX 4} 


X 


•25 = 9,520 


63 


4X4 


X 


•120= 4,760 


6-3 


3X3 




By Table O. 


X 


•355 = 13,518 


1 J ins. round. 


X 


•56 =21,324 


1J 


>> 


X 


•785 = 29,892 


If 




»> 


X 


1-035 = 39,412 


2 




>> 


X 


•96 =36,556 


2 




I* 


X 


•76 =28,940 


1* 




>» 


X 


•445 = 16,945 


If 


• 


t 


X 


•265 = 10,091 


1* 




»> 


X 


•185= 7,004 


* 




>> 


X 


•085= 3,236" 


4 




a 



,, lsttrussrod, AKorIE= ,, 

„ „ ALorIP= „ 

„ „ AM or 10= „ 

„ „ AN or IN = „ 

„ „ AOorIM= „ 

„ „ AP or IL= „ 

„ „ AEorIK= „ 

,, 1st pair, diagonals, B L = „ 

„ 2nd „ C M = „ 

„3rd „ DN= „. 

And now a few words as to the computation of strains in connection 
with cranes. Take the simplest form of pillar crane as shown in Fig. 227 
If the distance from A to B is made by scale, equal to the weight D it is 
supposed to lift, then the line B C drawn parallel to the tie, and measured 
by the same scale, will give the tensile strain on the tie B C, and the 
line A C drawn parallel to the strut, and measured by the same scale, 
the compressive strain on A C. The strain on the pillar is best 
represented by drawing a horizontal line, a C from C, the highest 
position of the load till it joins the extended line A B at a. It may 
then be represented, as a lever similar to that shown in Fig. 228, in 
which the fulcrum / represents the surface of the ground ; the distance 
/J? = A o } and the weight of masonry f W round the base of the 
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column A B should be proportioned, according to its distance from /, 
as compared with the length /P' in this case : the masonry must be 

Fig. 227. 




R 



kf- 



~& 



Fig. 228. 



1 



considerably heavier than the actual weight it is required to lift ; 
indeed, such a crane is kept upright only by the weight of masonry, 
or other work placed round the base of the pillar, and this weight 
should be at least double that theoretically required to keep the lever 
balanced. 

In the derrick crane shown in Fig. 229 in the same way, if B C 
represents by scale the weight E, B D and C D will by the same 
scale show the tensile strain on the derrick chain B D and the com- 
pression on D respectively. With the jib lowered to C the strain 
will under the same conditions be represented by the line B d, C d, or 
if it is raised to d, then B d C d will represent the respective strains. 
In all cases the strain on the jib (where the weight to be raised is the 
same) will be alike, and the tie only will vary. The thrust at C is 
generally taken by a piece of timber laid from C to the foot of the 
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guy at A, and its magnitude will be represented by a horizontal line 
measured from the same scale and drawn from the weighted end of 
the jib, say D c or d to the upright B C. This strain, however, is 
not always a compressive one, as it is evident that when the weight 
is swung round so as to be near the foot of the guy at A", that the 
sill A C is in tension, hence it should be large enough and of such 

Fig. 230. 




Fig. 220. 

material as will resist either a tensile or compressive strain. The 
strain is greatest when the crane is in the same plane as the guy, and 
with the jib at its least inclination to the horizon as at C. The ten- 
sile strain on the guy A B when the load is at d, is best found by a 
line drawn at right angles to the chain B d 9 till it meets with the 
extended line A B at the point a, or at b should the weight be lowered 
to C. B a or B b will then represent by scale the strains on the 
guy. It is evident by a glance at the diagram Fig. 230 that these 
strains become the greatest that require to be provided for in the 
structure. The ends of the guy at A" should have as much masonry 
built round them as will equal the weight to be carried. 

In the sheer legs or poles shown in Fig. 231, B C represents the 
position of the sheer legs, and A B that of the guy, and with a load 



176 



Wood and its lines. 



"W hanging over from the perpendicular if B b be made by scale to 
equal that load, b a be drawn parallel to the poles, A £ being extended 
till the lines meet in the point a, then £ a will equal the tension on 



<k -7j— 




1 



Fiff. 23 1. 



A B, and a b the compression on B C. Should the sheer legs bo 
upright, C i and C e will in the same manner represent the respective 
strains, and should the weight be slung inward to d, d h and d i will 
be both in compression to the magnitude given by a scale of which c i 
represents the whole weight carried. The guy A B should, it will be 
observed, be strong enough to resist either of the utmost compressive 
or tensile strains, but the poles B C are always in compression. 

Fig. 232 is a skeleton diagram of a steam crane working upon a 
centre pivot at h, with the jib at one side partly counterbalanced by the 
weight of the steam boiler, &c, and having rollers at / travelling upon 
a circular rail laid on the ground. The crane is kept in position, when 
loaded, by nuts acting as a collar on the centre pin h. If A B be 
made to represent by scale the weight D, then A C and B C by the 
same scale gives the strain on the guy and jib respectively. The 
pressure on the guide rail i and the upward pull upon the centre pin 
at h is found by treating it as bent lever, loaded at the end of one 
arm by the weight D ; thus let the line h i be drawn from the surface 
of the guide rail to the underside of the nut at h, draw the line / d 
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through the point h at right angles to h i, then taking the weight D 
and multiplying it by the horizontal distance b from the guide rail or 
fulcrum to the weight D, and dividing it by the distance a from the 
guide rail to the centre pin, make df by scale equal to the product 




Fig. 232. 

resolve this into its horizontal and vertical components d e and e /. 
Then e f equals the upward pull upon the centre pin, and d e the 
horizontal thrust on the same. The pressure upon the guide rail 

equal to — ^ or the weight multiplied by its distance from 



is 



a 



the centre pivot, and divided by the distance of the other end of the 



lever to the guide rail. 



tf 
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CHAPTER IX. 

rFHE following Tables are given so as readily to enable the reader to 
arrive at the scantlings of materials to resist the various strains 
constantly occurring in practice. In all cases the weights given are 
those which can safely be used, and vary under certain conditions 
already allowed for from \ to &, the breaking weight. A 
short explanation will be best given by a few examples : — 

Table A (Compression). 

I. A piece of oak or fir 10 feet long, and 6 inches diameter, will carry 
safely 16,497 lbs. A piece of the same material 20 feet long to carry 
the same weight would require to have a diameter of 7J inches, or be 
about 7 inches square on side if square. 

Table B (Compression). 

II. A solid cast-iron column 8 feet long, and 2 inches diameter will 
carry safely 1J tons, and weigh 9*818 X 8 = 78 J lbs. 

III. A hollow cast-iron column 3 inches outside diameter, and 
2 inches inside diameter 8 feet long will carry 5i tons, and weigh 
981bs., here safe weight = 6'7 — 1-5 = Si tons, and weight = (22-089 
— 9*818) X 8 = 981 lbs. 

If the diameters given in the Table represent the greatest diagonal 
of a square hollow column, multiply the weight shown by '63 for the 
safe weight, thus : — 

IV. A cast-iron column 2 J inches on side, and i inch thick, its length 
being 14 feet, will have for its greatest diagonal 4 inches, and will 
carry 2*9 tons. 
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7.3 _ 2$ = 4*7 X '63 = 2*9 tons. 

If the diameters given in the Table represent the least width of a 
strut having as its section the form of a + multiply the weights shown 
by -37. 

. V. A strut, with a cross section of 3 inches X 3 inches X J inch 10 
feet long would carry 1*3 tons. 

4-6 — 10 = 3*6 X 3*7 = 1-3 tons. 

N.B. — If the strut is hinged at one end take £th this result as a 
safe weight. 

Table C (Compression). 

VI. Example : What weight will a wrought-iron tube carry safely, 
whose external diameter is 2 inches, thickness £ inch, and length 10 
feet? 

2 1 

Here y— = — ratio of diameter to length, 

its area equals 3*1416 — 2*4052 = '7364 square inches. 
Then *7364 X 1445 = 1064 lbs. safe weight. 

VII. If the column was 2 feet diameter § inches thick, and 20 feet 
long 

Its area equals 452*39 — 424*55 = 27*84 square inches. 
Then 27*84 X 3,700 = 103,008 lbs. safe weight. * 

VIII. In a square tube, however, of the same sectional area, the side 

of the square being the same as the diameter of the last example, its 

thickness would be '58 inches, and the side 24 inches ; here 

*58 
ratio of thickness to side = — ■ = *024, and the multiplier being 

<w4 

•62, hence 103,008 X '62 = 63,864 lbs. safe weight. 

Table D (Tranverse Strains). 

IX. A beam of elm or Eiga fir 20 feet long, 10 inches deep, and 
1 inch thick, will carry safely a load of 370 lbs. at its centre, or 
740 lbs. distributed ; if it is made 10 inches wide, the depth being 
the same, it will carry 3,700 lbs. at its centre, or 7,400, distributed. 
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X. With a 10 feet bearing what size of a deal 3 inches thick will 

carry 2,700 lbs. loaded at its centre ] 

2 700 
Here — — = 900 lbs., it should, therefore, be 11 inches deep. 
o 

For the safe load in centre of cast-iron beams multiply the weight 
in the Table by the area of bottom flange in square inches. 

N.B. — The top flange of cast-iron beams is generally £th of the bottom 
flange. 

XL What weight will a cast-iron beam carry ', in its centre, the top 
flange being one-fourth the area of the bottom flange, which cuntains 
3 square inches, its depth being 7 inches, and length 8 feet 1 

Here 453 X 3 = 1,359 lbs. at centre, or 2,718 lbs. distributed. 

For the safe load in centre of a wrought-iron plate beam, the top 
flange being double the area of the bottom flange, multiply the weight 
given in the Table by the area of the bottom flange in square inches, 
and again by 2*5. 

XII. In a wrought-iron plate beam 15 inches deep, 20 feet between 
supports, and having a sectional area in bottom flange of 5 square 
inches, what will be the safe load 1 

Here 832 X 5 X 2*5 = 10,400 lbs. in centre, 

or 20,800 lbs. distributed. 

Table E (Transverse Strains). 

We have given this Table as wrought-iron solid rolled joists and 
girders are now coming into extensive use for these as well as many 
other purposes, for which they are well adapted. We only regret 
not being able to add the compressive strength of these beams. 

Tables F and G (Tensile). 

These Tables give the relative tensile strength as well as lineal 
weight, &c, of chains, hemp, and wire ropes, and also of square 
and round iron and wood. 
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TABLE B. 
Safe Load for Solid Oast-iron Columns in Tons. 



Length 


■ 


Diameter of Column in : 


[nchea and Weight per Foot 


ran in Lbs. 


l 


2 


8 


4 


5 


6 


7 


8 


9 


in Feet. 


2'45 


9*81 


2208 


39*27 


6136 

t 


88*85 


120*26 


15708 


19880 


1 


4*43 


53- 


231- 


651- 


1,454" 


2,803* 


4,883 


7,898 


12069 


2 


1-36 


16- 


71-1 


200- 


447- 


863- 


1.503 


2,431 


3714 


3 


•68 


8-3 


35-7 


100- 


224- 


433- 


755 


1,220 


1864 


4 


•41 


5-1 


21-9 


61- 


137- 


265- 


462 


748 


1143 


o 


•28 


3*4 


15- 


42* 


94- 


181- 


316 


512 


782 


6 


•21 


2-5 


11- 


30- 


eg- 


133- 


232 


375 


573 


7 


•16 


1-9 


8-4 


23- 


as^ 


102- 


178 


288 


441 


8 


•12 


l-o 


6-7 


19- 


42-4 


81-7 


142 


230 


351 


9 


•10 


1-2 


5*5 


15- 


347 


66-9 


116 


188 


288 


10 


•08 


1-0 


46 


13- 


29- 


55*9 


97 


157 


240 


11 


•07 


•91 


3-9 


11- 


24*6 


47*6 


82 


134 


204 


12 


•06 


•78 


33 


9-5 


21-2 


41-0 


71 


115 


176 


14 


•05 


•60 


2-6 


73 


163 


31-5 


55 


88 


135 


16 


•04 


•48 


2-07 


5*8 


13- 


25-1 


43 


70 


108 


18 


•03 


•39 


1-69 


47 


10-6 


20-5 


35 


58 


88 


20 


•02 


•33 


142 


4-0 


8-9 


17-2 


29 


48 


74 



TABLE B.— {Continued.) 



* 

Length 


Diameter of Column in Inches and Weight per Foot 


run in Lbs. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


in Feet. 


246*43 


296*97 


363*48 


414-78 


48105 


65223 


62832 


709-31 


795*31 


1 


17,636 


24,855 


33,998 


45,352 


59,219 


75,915 


95,771 


119,129 


146,347 


2 


5,428 


7,650 


10,464 


13,958 


18,226 


23,366 


29,476 


36,666 


45,044 


3 


2,724 


3,839 


5,252 


7,006 


9,148 


11,728 


14,795 


18,404 


22,608 


4 


1,670 


2,354 


3,220 


4,296 


5,610 


7,191 


9,072 


11,285 


13,683 


5 


1,143 


1,611 


2,203 


2,940 


3,839 


4,921 


6,208 


7,722 


9,487 


6 


838 


1,181 


1,616 


2,156 


2,815 


3,609 


4,553 


5,664 


6,958 


7 


645 


909 


1,243 


1,659 


2,166 


2,777 


3,504 


4,358 


5,354 


8 


514 


724 


991 


1,322 


1,726 


2,213 


2,792 


3,473 


4,267 


9 


420 


593 


811 


1,082 


1,413 


1,811 


2,285 


2,843 


3,492 


10 


351 


495 


678 


904 


1,181 


1,514 


1,910 


2,376 


2,920 


11 


299 


421 


576 


769 


1,004 


1,288 


1,625 


2,021 


2,483 


12 


258 


363 


497 


663 


866 


1,111 


1,401 


1,743 


2141 


14 


198 


279 


382 


510 


666 


854 


1,078 


1,341 


1,648 


16 


158 


223 


305 


407 


531 


681 


859 


1,069 


1,310 


18 


129 


182 


249 


333 


435 


557 


703 


875 


1,075 


20 


108 


152 


208 


278 


363 


466 


588 


731 


898 
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TABLE C. 

Safe "Weight in lbs. for wrought iron round and square tubes when used 

as columns. 

Bound Tubes. 



Ratio of External 
Diameter to Length. 


Lbs. per Square Inch 
of Section. 


1/60 to 1/80 
1/50 to 1/60 
1/30 to 1/50 
1/20 to 1/30 
1/10 to 1/20 


1.445 
2,234 
3,039 
3 462 
3,700 



Square Tubes. 
'When the ratio of thickness of plate to the longest side of column 



as below 



•010, multiply result by '38 

From *010 to -020, do. *o4 

„ '020 to '036, do. '62 
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TABLE E. 

Sale Load (Distributed) for Solid Rolled Joists and Girders, and weight 

per foot run in lbr 



Usual Section. 


Length between Supports in feet. 


Weight 
per foot 


6 


8 


10 


12 


14 


16 


18 


20 




run in 




















lbs. 


















Depth. Breadth. 


lbs. 








■ 








4 x H 


7 


4,480 


3,360 


2,800 


2,240 








HxH 


8 


5,040 


4,480 


3,360 


2,800 








6*X2 


11 




7,280 


6,720 


5,600 5040 


2,800 


■ 




7 X2i 


14 




11,760 


9,520 


8,960 6720 


5,040 


4480 




8 X 2£ 


15 




14,560 


11,760 


10,080 


8960 


7,280 6720 


5,040 


<5iX3 


16 




13,680 


11,200 


8,960 


7280 


5,600! 




8J X 2J 


17 






14,000 


11,76010080 


8,960| 7840 


7,280 


Hx 3 


18 


20,16013,680 


11,648 


10,080. 8512 


6,944; 6272 




7X4 


21 


24,640 17,920 


13,440 


11,4241 9408 


7,840' 6944 


6,048 


9J X 4 


25 




26,380 


20,160 


15,680 13440 


11,20010080 


8,960 


10 X4£ 


35 






29,120 


24,640)22400 


17,92015680 


13,440 


12 X 5 


46 






49,280 


42,56035840 


29,12026880 

1 


24,640 



Various modifications of strength by rivetting these beams together, 

and in some cases adding plates at top or bottom, can be made thus : — 

No. 1. With a plate on top only its strength is increased by. . . . 1*4 

No. 2. ,, top and bottom „ ,, „ .... 1*9 

No. 3. Taking two of the above 
beams, rivetting one above 
the other, thus doubling its 
oep m .. .. .. •• ,, ,, ,• « . * • o o 

No. 4. Adding to No. 3 a plate 
at top and bottom the ratio 
of the width to the depth of 
beam being as '09 to 1 .. ,, ,. ,> .. 4*6 

No. 5. Placing two of the beams 
side by side and rivetting a 
plate on the top and bottom 
the width of which equals 
the depth ,, ,, „ . . .. 3*6 

No. 6. Placing three of the 
beams side by side, adding 
a top and bottom flange, the 
width of which to the depth 
is as 1*4 to 1* ,, ,, „ .... 5*4 

No. 7. Taking two of the double 
beams No. 3, placing them 
side by side, adding a plate 
top and bottom ,, ,, „ «... 8.4 
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TABLE F. 
Weight per Foot Lineal and Safe Load in lbs. on Chains, and the Sizes 
of Hemp and Wire Bound, and Flat Ropes to Carry Corresponding 
Weights. 



Chains. 


Hemp Ropes. 


Bound "Wire 
Ropes. 


Flat Wire Hopes. 


Size of 
Chain. 


Weight 1 

per 

foot. 


1 

Safe 
Load. 


Circum- 
ference 
of rope. 


We r gbt 

per 

foot. 


Circum- 
ference 
of rope. 


Weight 

per 

foot. 


Section 
of rope. 


Weight 

per 

foot. 








Inches. 




Inches. 








5 
Tti 


•91 


1,428 


34 


•46 


14 


2-19 






* 


1-33 


2,058 


4* 


•79 


i* 


2-87 






_7_ 

1 (i 


2-5 


2,800 


5 


•96 










i 


2-33 


3,668 


« 


1-11 


2 


3-87 






JL 
1 1\ 


3- 


4,676 


64 


1-63 


H 


4-94 


2iX* 


1-67 


1 


3-67 


5,712 


7 


1-88 






2*X4 


2- 


i l 
i it 


4-5 


6,972 


8 


25 


2J 


6*87 


2£X T 'V 


2U 


3° 


533 


8,232 


8* 


3-11 




7-25 


3±X* 


3- 


.UL 


6-16 


9,716 


n 


35 


3 


8 50 


3*Xj 


3-67 


< u 

7, 
j5 


7-16 


11,200 


10 


3-83 


3i 


9-87 




i 


1 A 
i it 


8-16 


12,936 


10J 


4*67 


3* 


11-19 


4JXIJ 


4-34 | 


l ° 


9-33 


15,008 


114 


5*08 


n 


16-44 


5 Xi 


5- 1 


ItV 


10-5 


16,689 


12* 


6- 


4* 


18-75 




i 


4 


11-83 


18,704 


13 


65 


** 


21-44 


6 X| 


6-17 


1 »i 


1316 


20,776 


13£ 


75 


5 


24-56 






H 


14-5 


22,848 


14£ 


8-08 










1 *- 


16- 


25,368 


15* 


9-33 










1* 


17*6 


27,888 


16 


10- 











TABLE G. 

Safe Tensile Strain in lbs. on Wrought Iron, Round and Square; also on 

Square Sections of Bed or Pitch Pine. 



Wrought Iron. 1 gq. Red 




Wrought Iron. 


Bed or 


Bound. 


Square. 


Pine. 


Bound. 


Square. 
Safe Load. 


.Pitch Fine 
Square. 

Safe Load. 


Diam. [Safe Load. 


Safe Load. Sfe. Ld. 

i 


Diam. 


Safe Load. 


3 

H 


1,402 


1,785 


281 


1* 


30,600 


39,015 


6,109 


i 


2,422 


3,187 


500 


15 


34,935 


44,497 


7,031 


6 


3,901 


4,972 


781 


2 


40,035 


51,000 


8,000 


* 


5,610 


7,140 


1,125 


3 


90,015 


114,750 


18,000 


7 
8 


7,622 


9,690 


1,531 


4 


160,140 


204,000 


32,000 


1 


9,945 


12,750 


2,000 


5 


250,282 


318,750 


50,000 


14 


12,546 


15,937 


2,531 


6 


360,442 


459,000 


72,000 


i* 


15,555 


19,890 


3,125 


7 


490,620 


624,750 


98,000 


if 


18,487 


23,842 


3,781 


8 


640,815 


816,000 


128,000 


14 


22,440 


28,687 


4,500 


9 


811,027 


1,032,750 


162,000 




26,137 


33,405 


5,281 




. 
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. thick. 
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Plate or Sheet Iron, Brass, Copper, and Lead. 
Weight of a superficial foot in Pounds Avordupois. 



Thickness* 

in parts of 

an inch. 


Iron, 
lbs. 


Brass, 
lbs. 


Copper, 
lbs. 


Lead, 
lbs. 

i 


Thickness 

in parts 

of an 

inch. 


Iron, 
lbs. 


Brass, 
lbs. 


Copper, 
lbs. 


Lead, 
lbs. 


1/16 in. 


25 


2*7 


2-9 


3-7 


7/16 in. 


17*5 


19- 


20-3 


25-9 


1/8 „ 


5' 


5-5 


5-8 


7-4 


1/2 „ 


20- 


21-8 


23-2 


29-6 


3/16 „ 


7-5 


8-2 


8-7 


11-1 


5/8 „ 


25- 


27-1 


28*9 


37- 


1/4 „ 


10- 


10-9 


11-6 


14*8 


3/4 „ 


30- 


32-5 


34*7 


44-4 


5/16 „ 


12-5 


13-6 


14-5 


18-5 


7/8 „ 


35- 


37*9 


40-4 


57-8 


3/8 „ 


15- 


16-3 


17*4 


22-2 


1 ,< 


40- 


43-3 


46*2 


59-2 



Thickness of same by the Birmingham Wire G-auge, and in Decimals. 



"Wire 
Gauge. 


Thickness 








Wire 

Gauge. 

No. 


Thickness 








in 
Decimals 


Iron, 
lbs. 


Brass 
lbs. 


Copper. 


in 
Decimals 


Iron, 
lbs. 


Brass 
lbs. 


Copper, 
lbs. 


JNO. 


of an inch. 






1 


of an inch. 








0000- 


•454 


18-99 


21-11 


21-61 1 


11 


•120 


5- 


5-5 


5-8 


000- 


•425 


17-78 


19-76 


20-53 


12 


•109 


4-38 


4-81 


5-08 


00- 


•380 


15-89 


17-67 


18-37 1 


13 


•095 


3-75 


4-12 


4-34 


o- 


•340 


14-22 


15-81 


16-43 


14 


•083 


3-12 


3-43 


3-6 


1 


•300 


12- 5 


13-75 


14-5 


15 


•072 


2-82 


3-1 


3-27 


2 


•284 


12- 


13-2 


13-9 


16 


•065 


2-5 


2-75 


2-9 


3 


•259 


11- 


12-1 


12-75 


17 


•058 


2-18 


2-4 


252 


4 


•238 


10- 


11- 


11-6 


18 


•049 


1-86 


2-04 


2-15 


5 


•220 


8-74 


9-61 


10-1 


19 


•042 


1-7 


1-87 


1-97 


6 


•203 


8-12 


8-93 


9-4 


20 


•035 


1-54 


1-69 


1-78 


7 


•180 


7-5 


8-25 


8-7 


21 


•032 


1-1 


1-54 


1-62 


8 


•165 


6-86 


7-54 


7-9 


22 


•028 


1-25 


1-37 


1-45 


9 


•148 


6-24 


6-86 


7-2 


23 


•025 


1-12 


1-23 


1-3 


10 


•134 


5-62 

• 


6-18 


6-5 


24 


•022 


1- 


1-1 


.1-16 



Hoop Iron. Weight of 10 lineal feet. 
Width in inches and parts., f f | 1 1J 1J If 1J 1| 2 
No. of gauge . . .. 21 20 19 18 17 16 15 14 13 12 
Weight in lbs '685 -885 1-24 1-60 2-05 2-73 3-40 3-72 4-72 6*06 

Comparative Weight of Bar and Cast Iron and other Metals. 

Bar Iron, Cast Iron, Steel, Copper, Brass, Lead. 

Bar Iron being 1 .. 1- '95 1-02 1-16 1-09 1-48 

Cast Iron being 1 . . 1-07 1-00 1-08 1-21 1-16 1-56 

Cast Iron Plate. Weight of a superficial foot. 

Thickness ) ^ $ ^ & 2. * i 
ininches. ) " 



i 

Weight in J 9 . 3? 14 . 
Pounds. ) 



H M M i li li «s 

06 18-75 23-43 28-12 32-81 37-50 46-87 56-25 65-62 75 
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BALL3.-CAST IRON, COPPER, AND LEAD. 



Diam. 


Cast 

Iron. 

lbs. 


Brass. 


Copper. 


Lead. 


Diam. 


Cast 

Iron. 

lbs. 


Brass. 


Copper. 


Lead. 


in Ins. 


lbs. 


lbs. 


lbs. 


in Ins. 


lbs. 


lbs. 


lbs. 


1 


•136 


•158 


•166 


•214 


7 


46-76 


54*5 


57*1 


73-7 


1* 


•46 


•537 


•56 


•727 


1 7* 


57-52 


67-11 


70 


90-0 


2 


1-09 


1-25 


1-3 


1-7 1 


8 


69-81 


81-4 


85*2 


110-1 


2i 


2-13 


2-50 


2-60 


3-35 


8J 


83-73 


100-0 


102*3 


132-3 


3 


368 


4-3 


4-5 


5-8 


9 


99-4 


1159 


121-3 


156-7 


*i 


5-84 


6-82 


7-14 


9-23 


9£ 


116-9 


136-4 


143-0 


184-7 


4 


8-72 


10-2 


10-7 


13-8 


10 


136-35 


159-0 


166-4 


215-0 


4J 


12-42 


14-5 


15-25 


19-6 


10J 


157-84 


184-0 


193-0 


250-0 


5 


17-04 


19-9 


20-8 


26-9 


11 


181-48 


211-8 


221-8 


286-7 


5* 


22-68 


26-47 


27-74 


36-0 


11* 


207-37 


242-0 


253-5 


327-7 


6 


29-45 


34-3 


35-9 


46-4 


12 


235-62 


275-0 


288-1 


372-3 


<% 


37-44 43-67 


45-76 


59-13 













WEIGHT OF NAILS. 



No. 100. 



Cut Clasp Nails. 



1 inch long. 



»» 

»» 
»» 
»» 
»» 
*» 
>> 

it 
it 



n 

2 

3 

3i 
4 

O 

6 



>» 
a 

it 

a 
tt 
>> 
»> 
»» 



lbs. oz. 

2 

4 

6 

12 

1 2 

1 12 

2 12 
4 
7 2 
9 8 



Patent fine wrought Clasp Nails. 

lbs. oz. 
1 J inch long. 



No. 100. 
t» )> 
>» >> 
a tt 
tt a 



No. 100. 

it »t 
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Floor Brads. 

2 inch. long. 
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6 
8 
11 

15 

1 7 

lbs. oz. 

1 1 

,1 2 

1 8 

2 
3* 4 



Slate Nails. 

lbs. oz. 
No. 100. If in. long, zinc. . 13 

,, copper. 10 
12 
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Wrought Barrow Nails. 

lbs. oz. 

No. 100. 1 i inch long. . . 8 4d. 
2 „ „ .. 12 6d. 
2£ „ ,,..12 8d. 
2J „ „ .. 1 810d. 



tt 
a 

it 



it 
»» 
»> 



Clout Pelt Nails. 

lbs. oz. 

No. 100. 1 inch long. . . 6 



No. 100. 



No. 10. 
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Lath Nails. 

lbs. oz. 
1 inch long. . . 4 \ 

Wrought Spikes. 

lbs. oz. 

7 inch. long... 2 10 

8 ,, ,,..36 
10 „ ,,..50 
1* *» «* . . i 8 
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MEMORANDA. 

HEATING BY HOT WATER. 

100 ft. lineal of 4-inch piping takes from 2*3 to 47 lbs. of fuel in 
an hour. 

Four square feet of furnace exposed to the direct action of the fire 
will heat 200 feet of 4-inch pipe. The area of furnace bars should be 
50 square inches to every 100 feet lineal of 4-inch piping. 

To reach 50° to 55° of heat will take 5 to 6 feet of 4-inch pipe for 
manufactories. 

To reach 55 1 to GO 1 of heat will take 7 to 8 feet of 4-inch pipe for 
halls, waiting rooms, &c. 

To reach 55° of heat will take 35 feet of 4-inch pipe for greenhouses 
and conservatories. 

To reach 65* to 70° of heat will take 45 feet of 4-inch pipe for 
graperies and fitove houses. 

To reach 70° to 75° of heat will take 50 feet of 4-inch pipe for 
graperies and stove houses. 

To reach 80"* of heat will take 50 feet of 4-inch pipe for pineries 
and hothouses. 

Let the flow pipe on the boiler be about 16 inches higher than the 
return pipe, or when they are required to sink below the level of the 
boiler, as in doorways, for instance, let the flow pipe be just as much 
higher in addition to the 16 inches in proportion. 

Where it is thus necessary to increase the height of the flow pipe 
above the boiler let, it be done at once directly on leaving the boiler 
as it increases the circulation. 

Castdron piping will expand when heated about li inches in every 

100 feet, and therefore when long straight lengths are used they 

o 
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ought to be provided with f or f inch round bars, laid loose on bricks 
to support the pipe as rollers, to assist in the expansion or contraction. 
The lower the boiler, or the higher the pipe is carried short of 30 feet 
the more rapid the circulation. 

Let the supply cistern be cubical, and place it above the level of 
the highest point of the apparatus. It should contain -gV of the whole 
contents of the boiler and pipes. Always form a syphon of the con- 
necting pipe, and join it to the lowest or return pipe. 

100 feet of \ inch pipe contains '84 gallons of water. 

„ 1* „ o'ov „ „ 

14 7-64 

„ 2 „ 13*58 „ „ 

a 2i „ 21*22 „ „ 

,, o „ oO ol) ,, ,, 

„ 4 „ 5433 „ 

Air vents must be provided to the highest part of the apparatus, or 
wherever the air is likely to lodge, as for instance where there are 
dips or bends. 

When the circulation requires to be stopped off at any part of the 
pipe — say from one house to the other — use stop-cocks one-half less 
than the size of the pipe (that is, for 4-inch pipes use a 2-inch stop- 
cock) in both the flow and return pipes. 

Maximum heat will be attained in about as many hours as there are 
inches in the diameter of the pipe. 
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A. 

American Trussed Beam, Strains on, 170 
Apparatus, Hot-water Heating, 111, 116, 117, 
118, 119 

B. 

Barn and Granary, 128 
Barracks, Workmen's, 122 
Battens, Flanks, and Deals, 4 
Bay Windows, 67, 68 
Bench Ends, 83 
Blockings, 51 
Boardings, Wave Joint, 79 

., Various Hoof, 79 

Weather, 79 
used as Inside Lining, 81 

„ Cost of, 14 

Boxings and Shutters, 64, 65, 66 

C. 

Casements, 58, 59 

Cast Iron Columns, Safe Load for, 178, 183 
„ * Weight of, 183 
Plates, Weight of, 191 
Girders, Safe Load for, 180, 185, 186 
Copper and Lead Balls, -Weight 
of, 192 
Ceiling Joists. 21 

Chains, Hemp, and Wire Rope, Safe Load 
for 180, 188 

Weight of, 188 
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Church Seats, 83 

to seat 200, 144 

„ 403, 141 

„ 600, 148 
Circular-headed Sashes and Frame?, 63 
Cisterns and Tanks, J3 
Clamping, 51 

Coating Composition for Felt, 45 
Cohesion of Wood, 28 
Communion Tables and Bails 85 
Coke Wagons, 93 
Cranes, 95, 96 

Contractors' Hand Cart, 89, 90 
Office, 126 
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Contractors' Dobbin Cart, 90 
„ Turntable, 93 

„ Earth Wagons, 92 

Conversion of Log Timber, 10 
Conservatories, Position of, 102 

„ Ventilation of, 1C3 

„ Lawn, 115 

Corrugated Iron Roofs, 43, 49 

„ Tiles, 41 

Cost of Deals, 11 

Scantlings, 12 

Laths, 13 

Boardings, 14 

Prepared Flooring and Match Board- 
ing, 15, 23 

Scantlings from the Log, 16 

Tiles, 45 

Slates, 39, 40 

Slating, 38, 41 

Felt, laid complete, 43 

Zinc Roofing, 47, 48 

Dooa Frames, 56 

Doors, 54, 55 

Dobbin Carts, 90 

Sashes and Frames, 68 

French and Sliding Casements, 69 

Sashes only, 69 

Sawing, 9 

Span Roof Greenhouses, 110 

Greenhouse and Skylights, 69 

Cupboard Fronts, Shutters, 70 

Forcing Pits, Lean-to, 110 
„ „ Span Roof, 111 

Lean-to Greenhouses, 108 
Cottages, Miners', 124 
Coverings to Roofs, S7 
Crushing of Wood, Resistance to, 27 
Cricket Pavilions, 131, 134 
Cucumber or Melon Frames and Pits, 116 
Cupboard Fronts and Shutters, 70 

D 

Deals, Battens, and Planks, 4 

Brands on, 5, 6, 7, 8 
Cost of, 11 
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Deals, Battens, and Scantlings out of, 12 
Derrick Cranes, Strains on, 175 
Dovetailing, 51 
Doors and Frames, 51 

Different Kinds of, 52, 53 
Frames, Jamb Linings, 55 
,« Cost of, 56 
,, Cost of, 51 
Double Floors, 20 
Dobbin Carts, Cost of, 56 
Drill Shed Roof, 56 
„ Hall Shed, 150 

E. 

Elm and Riga Fir Beams, Safe Load for, 

179, 185, 186 
Emigrants' Hut, 120 
Exhibition Roof, 35 

F. 
Felt Roofing, 45 
„ Roof, Coating for, 45 
i, Cost of Laying, 47, 48 
Fencing, Lattice, 73, 74 
„ Park, 74 
„ Timber Yard, 76 
•» Temporary, 75 
Field Gates, 77 

Flat Rolled Iron, "Weight of, 193 
Floors, Double, 20 
Framed, 21 
Weight on, 22 
Flooring, Various Joints in, 23 
Coat of, S3 
Labour, Laying, 24 
and Joists, Weight of, 22 
Forcing Pits, Lean-to, 110 
a „ Span Roof, ill 

G. 

Gates, Ornamental, 75 
Field, 77 

Level Grossing, 77 
Gothic headed Sashes and Frames, 61 

„ and Church Roofs, 33, 34 
Greenhouses for Tall Plants, 112, 113 
Iron, 113 
Lean-to, 107, 113 
and Skylights, 69 
„ Cost of, 108 

Gymnasium Shed, 150 

H. 

Hand Carts, Contractors', 89, 90 

Hard Woods, 2 

Heating Apparatus, 111, 116, 117, 118, 119 

Heights and Widths of Greenhouses, 104, 105 

Herring-bone Strutting, 19 
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Horticultural Wall Covers, 105, 107 
Hoop Iron, Weight of, 191 
Housings, 51 
Houses, Orchard, 101 
Hospitals, Ventilation in, 80, 81 
Hot-water Heating, Memoranda, 193, 194 

I. 
Inside Linings, 81 
Iron Greenhouses, 113 
Italian Pattern Zinc, 4f 

J. 

Jamb Linings, Door Frames, 55 

Joiners' Work, 50 

Joints used in Flooring, 23 

Joists, Ceiling, 21 

Joists, 18 

K. 
King Post Roof, 30, 164 

L. 

Labour, Laying Floors, 24 
Laths, Cost of, 13 
Lawn Conservatories, 115 
^Lattice Fencing, 73, 74 

„ Girders, Strains on, 172 
Lean-to Roofs, 29, 166, 167 

„ Greenhouses, 107, 113 

„ Forcing Pits, 110 
Lecterns, Reading Desks, 83, 84 
Level Crossing Gates, 77 
lines, Weights, and Pulleys, 61 
Log Timber, Conversion of, 10 

M. 

Mansard Roof, 32 

Mechanical Properties of Materials, 25 

Melon and Cucumber Frames, 116 

Memoranda, Hot-water Heating, 193, 194 

Metals, Comparative Weight of, 191 

Miners' Cottages, 124 

Mitering, 51 * 

Morticing and Tenoning, 50 

N. 
Nails, Weight of, 192 
Newel Staircases, 72 
N Roofs, Strains on, 163, 164 

O. 

Oak and Fir Columns, Safe Load, 178, 181 , 182 
Office Contractors, 126 
Orchard Houses, 101 
Ornamental Gates, 75 



Pantilino, 42 
Partitions, Wood, 78 
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Park Fencing, 74 
Pavilions, Cricket, 131, 134 
Pile Drivera, 95, 96, 97 
Piles Will Carry, Weight, 10O 
Pillar Cranes, Strains on, 172 
Planks, Deals, and Battens, 4 
Plain Tiles, 43 
Plant Preservers, 113, 114 
Position of Conservatories, 102 
Pulleys, Lines, and Weights, 61 
Pulpits, 84 

Q. 
Queen Post Eoofs, 31, 156, 157, 158 

E. 

Heading Desks, 83, S4 
Resinous Woods, 3 
Hesistance of Wood to Crushing, 27 
Ringing Engine, 95 
Hoofing Felt, 45 
Zinc, 46 
„ Cost of, 47, 48 
Round and Square Bar Iron, Weight of, 189 
Ridge Cress, 42 
Roof Boardings, 79 
„ with Iron Ties, Strains on, 153, 160 
„ Coverings, 37 
„ „ Weight of, 154 

Roman Tiles, 41 
Roofs, Slopes of, 29 
Lean-to, 29 
King Post, 30 
Queen Post, 31 
Mansard, 32 

Gothic and Church, 33, 34 
Shed and Warehouse, 84, 152 
Exhibition, 35 
Drill Shed, 34 
„ Corrugated Iron, 48, 49 
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S. 
Sac k Trucks and Lorries, 94 
Safe Load on Oak and Fir Columns, 178, 181, 
182 
Cast Iron Columns, 178, 183 
Wrought Iron Tubes, 179, 184 
Elm and Riga Fir Beams, 179, 185, 

186 
Cast Iron Girders, 180, 185, 186 
Wrought Iron Girders, 180, 185, 

186 
Solid Rolled Joists, 180, 187 
, Chain, Hemp, and Wire Ropes, 
180,188 
Safe Tensile Strength, Wrought Iron and 
Wood, 188 
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Sashes, Window, 5 

with Solid Frame.3, 58 
only, Cost of, 69 
and Frames, Gothic-headed, Gt 
Circular-headed, 63 
Square-headed, 63 
Segmental-headed, 62 
Cost of, 69 
Sawing," Cost of, 9 
Saw-tooth Roof, Strains on, 165, 166 
Scantlings from the Log, Cost of, ltJ 
School Desks, Seats, &c, 82 
Room, Infant's, 136 
to hold 80, 133 
„ 120, 140 
„ „ „ . 150, 142 

Segmental-headed Sashes and Frames, 62 
Seats, Church, 83 
Shooting, a Term in Joinery, 51 
Shutters and Boxings, 64, 65, 66 
Shed, Gymnasium, 150 
„ Drill Hall, 160 
„ and Warehouse Roofs, 34, 152 
Sheer Legs, Strains on, 175 
Sheet Iron, Brass, Copper, and Lead, Weight 

of, 191 
Side and End Tip Wagons, 92 
Slates, a Truck will Take, 41 

„ Cost of, 39, 40 
Slating, Cost of, 38, 41 
Slopes of Roofs, 29 
Solid Rolled Joists, Safe Load on, 180, 187 

„ „ Weight of, 187 

Skylights, 67 
Span Roof Greenhouses, 110 

„ „ Cost of, 110 

„ Foroing Pits, 111 
Staircases, 70 

„ Newel, 72 
Square-headed Sashes and Frames, 60 
Steam Cranes, Strains on, 176, 177 
Storehouse and Goods Shed, 130 
Strutting, Herring-bone, 19 
Strains on American-trussed Beams, 170 
Derrick Cranes, 175 
King Post Roofs, 154 
Lean-to Roofs, 166, 167 
N Roofs, 163, 164 
Parallel Lattice Girders, 171 
Pillar Cranes, 173, 174 
Queen Post Roof, 156, 157, 158 
Roof with Iron Ties, 159, 160 
Saw-tooth Roof, 165, 166 
Sheer Legs, 175 
Steam Crane, 176, 177 
Warren Girder, 172 
Trussed Beams, 168, 169 
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T. 
Table of Mechanical Properties/^ Different 

Materials, 25 
Tables, Communion, and Bails, 86 
Temporary Fencing, 75 
Tiles, Roman, 44 

Plain, 43 

Corrugated, 44 

Cost of, 45 
Timber Yard Fencing, 75 
Trucks, Sack, and Lorries, 94 
Truck, Slates to Ffll a, 41 
Trussed Beams Strains, 168, 169 

V. 

Ventilation of Conservatories, 103 
in Hospitals, £0, 81 
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W. 

Wall Covers, Horticultural, 105 

„ Cost of, 107 * 

Wagons, Side and End Tip, 92 

„ Coke, 93 
Warren Girder, Strains on, 172 
Wave Joint Boarding, 79 
Weather Boardings, 79 
Weight on Floors, 19 

of Flooring and Joists, 22 
Files will Carry, 100 
of Roof Coverings, 154 
,, Chains, Hemp and Wire Bope3, 
188 
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Weight of Solid Boiled Iron Joists, 187 
,', Cast Iron Columns, 183 
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„ „ Plates, 191 

„ Cast Copper and Lead Balls, 192 
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„ Nails, 192 

„ Bound and Square Bar Iron, 189 

„ Flat Belled Iron, 190 

„ Sheet Iron, Brass, Copper, and 

Lead, 191 
„ Hoop Iron, 191 
„ Comparative of Metals, 191 
Wheelbarrows, 88 

Widths and Heights of Greenhouses, 104, 105 
Windows, Bay and Other, 67, 68 
Woods, Hard, 2 

„ Resinous, 3 
Wood, Temporary Buildings of, 77, 78 

Beams, Breaking Weight of, 24, 26 
Cohesion of, 28 
„ Partitions, 78 
Workmen's Barracks, 122 
Wrought Iron and Wood, Tensile Strength of, 
1S6 

„ Girders, Safe Load for, 180, 
185,186 
Tubes, Safe Load for, 179, .184 
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Z. 

Zinc Cap Joint to Roofs, 47 
Italian Pattern, 47 
Roofing, 46 

„ Cost of, 47, 48 
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Ward, Commander U. S. Navy. 



Tunner on Roll-Turning. 

1 vol 8vo. and 1 vol. folio plates. $10.00. 
A Treatise ox Roll-Turxing for the Manufacture of Irox, 
by Peter Tunner. Translated by John B. Pearse, of the Penn- 
sylvania Steel Works. With numerous wood-cuts, 8vo., together with 
a folio atlas of 10 lithographed plates of Rolls, Measurements, &c. 



Gruner on Steel. 

8vo. Cloth. $3.50. 

The Manufacture of Steel. By M. L. Gruner ; translated from 
the French. By Lenox Smith, A.M., E.M. ; with an Appendix on 
the Bessemer Process in the United States, by the translator. Illus- 
trated by lithographed drawings and wood-cuts. 



Barba on the Use of Steel. 

12mo. Illustrated. Cloth. $1.50. 
TnE Use of Steel in Construction. Methods of Working, Apply 
ing, and Testing Plates and Bars. By J. Barba, Chief Naval 
Constructor. Translated from the French, with a Preface, by A. L. 

JIOLLEY, P.B. 

Bell on Iron Smelting. 

8vo. Cloth. $6.00. 
Chemical Phenomena of Iron Smelting. An experimental and 
practical examination of the circumstances which determine the 
capacity of the Blast Furnace, the Temperature of the Air, and the 
Proper Condition of the Materials to ' be operated upon. By 
I. Lowthian Bell. 



D. VAN NOSTRAND. 



The Useful Metals and their Alloys ; Scoffren, 

iTruran, and otliers. 

Fifth Edition. 8vo. Half call $3.75 

The Useful Metals and their Alloys, employed in the conver- 
sion of Iron, Copper, Tin, Zinc, Antimony, and Lead Ores, 
with their applications to the Industrial Arts. By John Scof- 
fren, William Truran, William Clay, Robert Oxland, 
William Fairbairn, W. C. Aitkin, and William Vose Pickett. 



Collins' Useful Alloys. 

18mo. Flexible. 50 cents. 

The Private Book of Useful Alloys and Memoranda for Gold- 
smiths, Jewellers, etc. By James E. Collins. 



Joynson's Metal Used in Construction. 

12mo. Cloth. 75 cents. 
The Metals Used in Construction : Iron, Steel, Bessemer Metal, 
etc., etc. By Francis H. Joynson. Illustrated. 



Dodd's Dictionary of Manufactures, etc. 

12mo. Cloth. $1.50. 
Dictionary of Manufactures, Mining, Machinery, and the 
Industrial Arts. By George Dodd. 

Von Cotta's Ore Deposits. 

8vo. Cloth. $4.00. 

Treatise on Ore Deposits. By Bernhard Von Cotta, Professor 
of Geology in the Royal School of Mines, Freidburg, Saxony. Trans- 
lated from the second German edition, by Frederick Prime, Jr., 
Mining Engineer, and revised by the author ; with numerous illus- 
trations. 

Plattner's Blow-Pipe Analysis. 

Third Edition. Revised. 568 pages. 8vo. Cloth. $5.00. 

Plattner's Manual of Qualitative and Quantitative Analy- 
sis with the Blow-Pipe. From the last German edition, Revised 
and enlarged* By Prof. Th. Richter, of the Royal Saxon Mining 
Academy. Translated by Professor H. B. Cornwall; assisted by 
John H. Caswell. With eighty-seven wood-cuts and Lithographic 
Plate. 
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Plympton'-s Blow-Pipe Analysis, 

12mo. Cloth. $1.50. 
The Blow-Pipe: A Guide to its Use in the Determination of Salts 
and Minerals. Compiled from various sources, by Geobge W. 
Plympton, C.E., A.M., Professor of Physical Science in the Polytech- 
nic Institute, Brooklyn, N.Y. 

Pynchon's Chemical Physics. 

New Edition. Revised and enlarged. Crown 8va Cloth. $3.00. 
Introduction to Chemical Physics ; Designed for the Use of 
Academies, Colleges, and High Schools. Illustrated with numerous 
engravings, and containing copious experiments, with directions for 
preparing them. By Thomas Ruggles Pynchon, M.A., President 
of Trinity College, Hartford. 



Eliot and Storer's Qualitative Chemical 

Analysis. 

New Edition. Revised. . 12mo. Illustrated. Cloth. $1.50. 

A Compendious Manual op Qualitative Chemical Analysis. 

By Charles W. Eliot and Frank H. Storer. Be vised, with 

the co6peration of the Authors, by William Ripley Nichols, 

Professor of Chemistry in the Massachusetts Institute of Technology. 



Eammelsberg's Chemical Analysis. 

8vo. Cloth. $2.25. 

Guide to a Course of Quantitative Chemical Analysis, 
Especially of Minerals and Furnace Products. Illustrated 
by Examples. By C. F. Bammelsberg. Translated by J. Towler, 
M.D. 



Naqnet's Legal Chemistry. 

Illustrated. 12mo. Cloth. $2.00. 
Legal Chemistry. A Guide to the Detection of Poisons, Falsifica- 
tion of Writings, Adulteration of Alimentary and Pharmaceutical 
Substances; Analysis of Ashes, and Examination of Hair, Coins, 
Fire-arms, and Stains, as Applied to Chemical Jurisprudence. For 
the Use of Chemists, Physioians, Lawyers , Pharmacists, and Experts. 
Translated, with additions, including a List of Books and Memoirs 
on Toxicology, eto., from the French of A. Naquet. By J. P. 
Battershall, Ph. D., with a Preface by C F. Chandler, Ph. D., 
M.D.,LL.D. 



Prescott's Proximate Organic Analysis. 

12mo. Cloth. $1.75. 

Outlines of Proximate Organic Analysis, for the Identification, 
Separation, and Quantitative Determination of the more commonly 
occurring Organic Compounds. By Albert B. Frescott, Professor 

. of Organic and Applied Chemistry in the University of Michigan. 

Prescott's Alcoholic Liquors. 

12mo. Cloth. $1.50. 
Chemical Examination of Alcoholic Liquors. — A Manual of the 
Constituents of the Distilled Spirits and Fermented Liquors of Com- 
merce, and their Qualitative and Quantitative Determinations. By 
Albert B. Frescott, Professor of Organic and Applied Chemistry 
in the University of Michigan. 



Prescott and Douglas's Qualitative Chemi- 
cal Analysis. 

Second Edition. Revised. 8vo. Cloth. $3.50. 
A Guide in the Practical Study of Chemistry and in the Work of Analysis. 



Pope's Modern Practice of tlie Electric 

Telegraph.. 

Ninth Edition. 8vo. Cloth. $2.00. 

A Hand-book for Electricians and Operators. By Frank L. Pops. 
Ninth edition. Revised and enlarged, and fully illustrated. 



Sabine's History of the Telegraph. 

Second Edition. 12mo. Cloth. $1.25. 

History and Progress of the Electric Telegraph, with De- 
scriptions of some of the Apparatus. By Robert Sabine, C.E. 



Raskins' Galvanometer. 

Pocket form. Illustrated. Morocco tucks. $2.00. 
The Galvanometer, and its Uses; — A Manual for Electrician! 
and Students. By C. H. Haskins. 



Larrabee's Secret Letter and. Telegraph. 

18mo. Cloth. $1.00. 

Cipher and Secret Letter and Telegraphic Code, with Hogg 8 
Improvements. By C. S. Larrabee. 




Gill m ore's Limes and Cements. 

Fifth Edition Revised and Enlarged. 8vo. Cloth. $4.00. 

Practical Treatise on Limes, Hydraulic Cements, and Mor- 
tars. By Q. A. Gillmore, Lt.-Col. U. S. Corps of Engineers. 
Brevet Major-General U. S. Army. 

Gillmore's Coignet Beton. 

Nine Bates, Views, etc. 8vo. Goth. $2.50. 

Coignet Beton and Other ARTIFICIAL Stone. — By Q. A. Gill- 
more, Lt.-Col* U. S. Corps of Engineers, Brevet Major-General U.S. 
Army. 

Gillmore on Roads, 

Seventy Illustrations. 12mo. Cloth. $2.00. 

A Practical Treatise on the Construction of Roads, Streets, 
and Pavements. By Q. A. Gillmore, Lt.-Col. U. S. Corps of 
Engineers, Brevet Major-General U. S. Army. 



Gillmore's Building Stones. 

8vo. Cloth. $1.00. 

Report on Strength of the Building Stones in the United 
States, etc. 

ELolley's Railway Practice. 

1 vol. folio. Cloth. $12.00. 

American and European Railway Practice, in the Economical 
Generation of Steam, including the materials and construction of 
Coal-burning Boilers, Combustion, the Variable Blast, Vaporization, 
Circulation, Super-heating, Supplying and Heating Feed-water, &c, 
and the adaptation of Wood and Coke-burning Engines to Coal- 
burning ; and in Permanent Way, including Road-bed, Sleepers, 
Rails, Joint Fastenings, Street Railways, etc., etc. By Alexander 
L. Holley, B.P. With 77 lithographed plates. 



Useful Information for Railway Men. 

Pocket form. Morocco, gilt. $2.00. 

Compiled by W. G. Hamilton, Engineer. New Edition, Revised 
and Enlarged. 577 pages. 
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Stuart's Civil and. Military Engineers 

America. 



of 



8vo. Illustrated. Cloth. $5.00. 

The Civil and Military Engineers of America. By General 
Charles B. Stuart, Author of " Naval Dry Docks of the United 
States," etc., etc. Embellished with nine finely-executed Portraits 
on steel of eminent Engineers, and illustrated by Engravings of some 
of the most important and original works constructed in America. 



Ernst's Manual of Military Engineering. 

193 Wood-outs and 3 Lithographed Plates. 12mo. Cloth. $5.00., 
A Manual of Practical Military Engineering. Prepared for 
the use of the Cadets of the U. S. Military Academy, and for Engineer 
Troops. By Capt. O. H. Ernst, Corps of Engineers, Instructor in 
Practical Military Engineering, U. S. Military Academy. 

Sixains' Levelling. 

12mo. Cloth. $2.50. 

A Treatise' on the Principles and Practice of Levelling, 
showing its application to purposes of Railway Engineering and the 
Construction of Roads, etc. By Frederick W. Simms, C.E. From 
the fifth London edition, Revised and Corrected, with the addition of 
Mr. Law's Practical Examples for Setting-out Railway Curves. 
Illustrated with three lithographic plates and numerous wood-cuts. 



JefFers' Nautical Surveying. 

Illustrated with 9 Copperplates and 31 Wood-cut ninstrations. 8vo. Cloth. $5.00. 
Nautical Surveying. By William N. Jeffers, Captain U. S. 

Navy. 

Text-book of Surveying. 

8va 9 Lithograph Plates and several Wood-cuts. Cloth. $2.00. 

A Text-book on Surveying, Projections, and Portable Instruments, 
for the use of the Cadet Midshipmen, at the U. S. Naval Academy. 

The Plane Table. 

8vo. Cloth. $2.00. 

Its Uses in Topographical Surveying., From the papers of the 
U. S. Coast Survey. 
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Cliauvenet's Lunar Distances. 

8vo. Cloth. $2.00. 

New Method of Correcting Lunar Distances, and Improved 
Method of Finding the Error and Rate of a Chronometer, by equal 
altitudes. By Wm. Chauvenet, LL.D;, Chancellor of Washington 
University of St. Louis. 

Burt's Key to Solar Compass. 

Second Edition. Pocket-book form. Tack. $2.50. 

Key to the Solar Compass, and Surveyor's Companion ; comprising 
all the Rules necessary for use in the Field ; also Description ol the 
Linear Surveys and Public Land System of the United States, Notes 
on the Barometer, Suggestions for an Outfit for a Survey of Four 
Months, etc. By W. A. Burt, U. S. Deputy Surveyor. 



Howard's Earthwork: Mensuration. 

8vo. Illustrated. Cloth. $1.50. 

Earthwork Mensuration on the Basis op the Prismoidal 
Formulae. Containing simple and labor-saving method of obtaining 
Prismoidal Contents directly from End Areas. Illustrated by 
Examples, and accompanied by Plain Rules for practical uses. By 
Conway R. Howard, Civil Engineer, Richmond, Va. 



[Morris* Easy Rules. 

78 Illustrations. 8vo. Cloth. $1.50. 
Easy Rules for the Measurement op Earthworks, by means of 
the Prismoidal Formula. By Elwood Morris, Civil Engineer. 



Clevenger's Surveying. 

Illustrated Pocket Form. Morocco, gilt. $2.50. 
A Treatise on the Method op Government Surveying, as 
prescribed by the U. S. Congress and Commissioner of the General 
Land Office. With complete Mathematical, Astronomical, and Prac- 
tical Instructions for the use of the U. S. Surveyors in the Field, and 
Students who contemplate engaging in the business of Public Land 
Surveying. By S. V. Clevenger, U. S. Deputy Surveyor. 

Hewson on Embankments. 

8vo. Cloth. $2.00. 
Principles and Practice op Embanking Lands from River 
Floods, as applied to the Levees cf the Mississippi. By William 
Hewson, Civil Engineer. 
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Minified Mecliaiiical Drawing. 

Ninth Edition. Royal 8vo. Cloth. $1.00. 

A Text-Book of Geometrical Drawing, for the use of Mechanics 
and Schools. With illustrations for Drawing Plans, Sections, and 
Elevations of Buildings and Machinery ; an Introduction to Isometri- 
cal Drawing, and an Essay on Linear Perspective and Shadows. 
With over 200 diagrams on steel By William Minifie, Architect. 
With an Appendix on the Theory and Application of Colors. 



Minifie's Geometrical Drawing. 

New Edition. Enlarged. 12mo. Cloth. $2.00. 

Geometrical Drawing. Abridged from the octavo edition,, for the 
use of Schools. Illustrated with 48 steel plates. 



Free Hand Drawing. 

Profusely Illustrated. 18mo. Boards. 60 cents. 

A Guide to Ornamental, Figure, and Landscape Drawing. By an 
Art Student. 



The Mechanic's Friend. 

12mo. Cloth. 300 Illustrations. $1.50. 
The Mechanic's Friend. A Collection of Receipts and Practical 
Suggestions, relating to Aquaria — Bronzing — Cements — Drawing — 
Dyes — Electricity — Gilding— Glass-working— Glues — Horology — Lac- 
quers — Locomotives — Magnetism — Metal- working — Modelling — Pho- 
tography — Pyrotechny — Railways — Solders — : Steam-Engine — Tele- 
graphy-^-Taxidermy — Varnishes — Waterproofing — and Miscellaneous 
Tools, Instruments, Machines, and Processes connected with the 
Chemical and Mechanical Arts. By William E. Axon, M.R. S.L. 



Harrison's Mechanic's Tool-Book:. 

44 Illustrations. 12mo. Cloth. $1.50. 

Mechanics' Tool Book, with Practical Rules and Suggestions, for the 
use of Machinists, Iron Workers, and others. By W. B. Harrison. 



Randall's Quartz Operator's Hand-Book. 

22mo. Cloth. $2 00. 

Quartz Operator's Hand-Book. By P. M. Randall. New 

edition, Revised and Enlarged. Fully illustrated. ■ 




Joynson on Machine Gearing. 

8vo. Cloth. $2.00. 
The Mechanic's and Student's Guide in the designing and Con" 
s traction of General Machine Gearing, as Eccentrics, Screws, Toothed 
Wheels, etc., and the Drawing of Rectilineal and Curved Surfaces. 
Edited by Francis H. Joynson. With 13 folded plates. 



Silversmith/ s Hand-Book. 

Fourth Edition. Illustrated. 12mo. Cloth. $3.00. 

A Practical Hand-Book fob Miners, Metallurgists, and Assayers. 
By Julius Silversmith. Illustrated. 



Barnes* Submarine Warfare. 

8vo. Cloth. $6.00. 
Submarine Warfare, Defensive and Offensive. Descriptions 

of the various forms of Torpedoes, Submarine Batteries and Torpedo 
Boats actually used in War. Methods of Ignition by Machinery, 
Contact Fuzes, and Electricity, and a full account of experiments 
made to determine the Explosive Force of Gunpowder under Water. 
Also a discussion of the Offensive Torpedo system, its effect upon 
Iron-clad Ship systems, and influence upon future Naval Wars. By 
Lieut.-Com. John S. Barnes, U.S.N. With twenty lithographic 
plates and many wood-cuts. 

Foster's Submarine Blasting. 

4to. Cloth. $3.50. 

Submarine Blasting, in Boston Harbor, Massachusetts — Removal of 
Tower and Corwin Rocks. By John G. Foster, U. S. Eng. and 
Bvt. Major-General U. S. Army. With seven plates. 



Mowbray's Tri-Nitro- Glycerine. 

8vo. Cloth. Illustrated. $3.00. 

TrkNitro-Glyckrine, as applied in the Hoosac Tunnel, and to Sub- 
marine Blasting, Torpedoes, Quarrying, etc. 

Williamson on the Barometer. 

4to. Cloth. $15.00. 
On the Use of the Barometer on Surveys and Reconnajb 
sances. Part I. — Meteorology in its Connection with Hypsometry. 
Part II. — Barometric Hypsometry. By R. S. Williamson, Bvt. 
Lt.-Col. U. S. A., Major Corps of Engineers. With illustrative tables 
and engravings. 




Williamson's Meteorological Tables. 

4to. . Flexible Cloth. $2.50. 

Practical Tables in Meteorology and Hypsometry, in connection 
with the use of the Barometer. By Col. R. S. Williamson, U.S. A. 



Butler's Projectiles and. Rifled Cannon. 

4to. 36 Plates. Cloth. $7.50. 

Projectiles and Rifled Cannon. A Critical Discussion of the 
Principal Systems of Rifling and Projectiles, with Practical Sugges- 
tions for their Improvement. By Capt. John; S. Butler,, Ordnance 
Corps, U. S. A. 

Beruet's Chronoscope. 

Second Edition. Illustrated. 4to. Cloth. $3.00. 

Electron-Ballistic Machines, and the Schultz Chronoscope. By 
Lt.-Col. S. V. Benet, Chief of Ordnance U. S. A. 



Micliaelis' Chronograph 

4to. Illustrated. Cloth. $3.00. 

The Le Boulenge Chronograph. With three lithographed folding 
plates of illustrations. By Bvt Captain O. E. Michaelis, Ordnance 
Corps, U. S. A. 

Nugent on Optics. 

12mo. Cloth. $1.50. 

Treatise on Optics ; or, Light and Sight, theoretically and practically 
treated; with the application to Fine Art and Industrial Pursuits. 
By E. Nugent. With 103 illustrations. 



Peirce's Analytic Mechanics. 

4to. Cloth. $10.00. 

System of Analytic Mechanics. By Benjamin Peirce, Pro- 
fessor of Astronomy and Mathematics in Harvard University, 

Craig's Decimal System. 

Square 32mo. Limp, 50a 

Weights and Measures. An Account of the Decimal System, with 
Tables of Conversion for Commercial and Scientific Uses. By B. F. 
Craig, M.D. 




Alexander's Dictionary of Weights and 

Measures. 

New Edition. 8vo. Cloth. $3.60. 
Universal Dictionary of Weights and Measures, Ancient and 
Modern, reduced to the standards of the United States of America. 
By J. H. Alexander. 

Elliot's European Light- Houses. 

51 Engravings and 21 Wood-cnts. 8vo. Cloth. $5.00. 
European Light-House Systems. Being a Report of a Tour of 
L Inspection made in 1873. By Major George H. Elliot, U. S. 
Engineers. 

Sweet's Report on Coal. 

With Maps. 8vo. Cloth. $3.00: 
Special Report on Coal. By S. H. Sweet. 



Colburn's G-as Works of London. 

12mo. Boards. 60 cents. 
Gas Works of London. By Zerah Colburn. 

Walker's Screw Propulsion. 

8vo. Cloth. 75 cents. 

N6tes on Screw Propulsion, its Rise and History. By Capt. W. H 
Walker, U. S. Navy. 

Pook on Shipbuilding. 

8vo. Cloth. Illustrated. $5.00. 

Method of Preparing the Lines and Draughting Vessels 
Propelled by Sail or Steam, including a Chapter on Laying-off 
on the Mould-loft Floor. By Samuel M. Pook, Naval Constructor. 

Saeltzer's Acoustics. 

12mo. Cloth. $2.00. 
Treatise on Acoustics in connection with Ventilation. By Alex- 
ander Saeltzer. 



Eassie on Wood and its Uses. 

250 Illustrations. 8vo. Cloth. $1.50. 

A Hand-book for the Use of Contractors, Builders, Architects, 
Engineers, Timber Merchants, etc., with information for drawing up 
Designs and Estimates. 




VAN NOSTRAND'S SCIENCE SERIES. 

It is the intention of the Publisher of this Series to issue them at 
intervals of about a month. They will be put up in a uniform, neat, 
and attractive form, 18mo, fancy boards. The subjects will be of an 
eminently scientific character, and embrace as wide a range of topics as 
possible, all of the highest character. 

Price, 50 Cents Each. 

I. Chimneys fob Furnaces, Fire-places, and Steam Boilers. By 
B. Armstrong, C.E. 

IT. Steam Boiler Explosions. By Zerah Colburn. 

ILL Practical Designing op Retaining Walls. By Arthur Jacob, 
A.B. With Illustrations. 

IV. Proportions op Pins Used in Bridges. By Charles E. 
Bender, C.E. With Illustrations. 

V. Ventilation of Buildings. By W. F. Butler. With Illustrations. 

VI. On the Designing and Construction of Storage Reservoirs. 
By Arthur Jacob. With Illustrations. 

VII. Surcharged and Different Forms op Retaining Walls. 
By James S. Tate, C.E. 

VIII. A Treatise on the Compound Engine. By John Turnbull. 

With Illustrations. 

IX. Fuel. By C. William Siemens, to which is appended the value of 
Artificial Fuels as Compared with Coal. By John Worm- 
ald, C.E. 

X. Compound Engines. Translated from the French of A. Mallet. 
Illustrated. 

XI. Theory of Arches. By Prof. W. Allan, of the Washington and 
Lee College. Illustrated. 

XII A Practical Theory of Voussoir Arches. By William Cain, 
C.E. Illustrated. 
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XIII. A Practical Treatise on the Gases Met With in Coal 
Mines; By the late J. J. Atkinson, Government Inspector of 

Mines for the County of Durham, England. 

XIV. Friction of Air in Mines. By J/ J. Atkinson, author of " A 
Practical Treatise on the Gases met with in Coal Mines." 

XV. Skew Arches. By Prof. E. W. Hyde, C.E. Illustrated with 
numerous engravings and three folded plates. 

XVI. A Graphic Method for Solving Certain Algebraic Equa- 
tions. By Prof. George L. Vose. With Illustrations. 

XVII. Water and Water Supply. By Prof. W. H. Corfield, 
M.A., of the University College, London. 

XVIIL Sewerage and Sewage Utilization. By Prof* W. H. 
Corfield, M.A., of the University College, London. 

XIX. Strength of Beams Under Transverse Loads. By Prof. 
W. Allan, author of "Theory of Arches." With Illustrations 

XX. Bridge and Tunnel Centres. By John B. McMasters, 
C.E. With Illustrations. 

XXL Safety Valves. By Richard H. Buel, C.E. With Illustra- 
tions. 

XXII. High Masonry Dams. By John B. McMasters, C.E. 
With Illustrations. 

XXHI. The Fatigue of Metals under Repeated Strains, with 
various Tables of Results of Experiments. From the German of 
Prof. Ludwig Spangenberg. With a Preface by S. H. Shreve, 
A.M. With Illustrations. 

XXIV. A Practical Treatise on the Teeth of Wheels, with 
the theory of the use of Robinson's Odontograph. By S. W. Robin- 
son, Prof, of Mechanical Engineering, Illinois Industrial University. 

XXV. Theory and Calculations of Continuous Bridges. By 
Mansfield Merriman, C.E. With Illustrations. 

XXVI. Practical Treatise on the Properties of Continuous 
Bridges. By Charles Bender, C.E. 



v. 
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XXVII. On Boiler Incrustation and Corrosion. By J. F. Rowan. 

XXVIII. On Transmission of Power by Wire Rope. By Albert W. 
Stahl. 

XXIX Injectors : Their Theory and Use. Translated from the 
French of M. Leon Pouchet. 

XXX. Terrestrial Magnetism and the Magnetism of Iron Ships. 
By Professor Fairman Rogers. 

XXXI. The Sanitary Condition of Dwelling Houses in Town and 
Country. By George E. Waring, Jr. 



IN PRESS. 



Heating and Ventilation in its Practical Ap- 
plication for the Use of Engineers and 
Architects* 

Embracing a Series of Tables and Formulae for dimensions for Heating 
Flow and Return Pipes, for Steam and Hot Water Boilers, Flues, etc., 
etc. By F. Schumann, C. E. 1 vol. 12mo. Illustrated. 



A Guide to the Determination of Rocks. 

Being an Introduction to Lithology. By Edward Jannettaz, Doctuer des 
Sciences. Translated from the French by Geo. W. Plympton, Profes- 
sor of Physical Science, Brooklyn Polytechnic Institute. 12mo. 



Shield's Treatise. on Engineering 

Construction. 

12mo. Cloth. 

Embracing Discussions of the Principles involved and Descriptions of the 
Material employed in Tunnelling, Bridging, Canal and Road Build- 
ing, etc., etc. 



MILITARY BOOKS 



PUBLISHED BY 



D. VAN NOSTEAND, 

23 Murray Street and 27 Warren Street, 

NEW TORE. 



Any Book in this Catalogue sent free by mail on receipt of price. 



Benton's Ordnance and Ghinnery. 

Fourth Edition, Revised and Enlarged. 8vo. Cloth. $5.00. 

Ordnance and Gunnery. A Course of Instruction in Ordnance 
and Gunnery. Compiled for the use of the Cadets of the U. S. Military- 
Academy, by Col. J. G. Benton, Major Ordnance Dep. , late Instructor 
of Ordnance and Gunnery, Military Academy, West Point. Illus- 
trated. 

Holley's Ordnance and Armor. 

8vo. Half Roan, $10.00. Half Russia, $12.00. 
A Treatise on Ordnance and Armor. With an Appendix, refer- 
ring to Gun-Cotton, Hooped Guns, etc., etc. By Alexander L. Holley, 
B. P. With 493 illustrations. 948 pages. 

Scott's Military Dictionary. 

8vo. Half Roan, $6.00. Half Russia. $8.00. Full Morocco, $10.00. 
Military Dictionary. Comprising Technical Definitions; Informa- 
tion on Raising and Keeping Troops ; Law, Government, Regu- 
lation, and Administration relating to Land Forces. By Col. H. L. 
Scott, U.S.A. 1vol. Fully illustrated. 



Iloemer's Cavalry. 

8vo. Cloth, $0.00. Half Calf , $7.50. 
Cavalry : Its History, Management, and Uses in War. By J. 
Roemer, LL.D., late an officer of Cavalry in the Service of the Nether- 
lands. Elegantly illustrated with one hundred and twenty-seven fine 
wood engravings. Beautifully printed on tinted paper. 
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Michaelis' Chronograph.. 

4to. Illustrated. Cloth. $3.00. 
The Le Boulenge Chronograph. ' "With three lithographed folding 
plates of illustrations. By Brevet Capt. O. E. Michaelis, First Lieu- 
tenant Ordnance Corps, U. S. Army. 

Benet's Chronoscope. 

Second Edition. Illustrated. 4to. Goth. $3.00. 

Electro-Ballistic Machines., and the Schultz Chronoscope. By 
GenL S. V. Benet, Chief of Ordnance, U. S. Army. 

Diifour's Principles of Strategy and Grrand 

Tactics. ** 

12mo. Cloth. $3.00, 
The Principles op Strategy and Grand Tactics. Translated 
from the French of General G. II. Dufour. By William P. Craighill, 
U. S. Engr. , and late Assistant Professor of Engineering, Military 
Academy, "West Point. From the last French edition. Illustrated. 



Joinings Life of the Emperor Napoleon. 

4 vols. 8vo., and Atlas. Cloth. Half Calf. 

Military and Political Life op the Emperor Napoleon. By 
Baron Jomini, General-in-Chief and Aid-de-Camp to the Emperor of 
Russia. Translated from the French, with Notes, by II. W. Halleck, 
LL.D., Major-General U. S. Army. "With 60 Maps and Plans. 

Jomini' s Campaign of Waterloo. 

Third Edition. 12mo. Cloth. £1,25. 

The Political and Military History op the Campaign op "Wa- 
terloo. Translated from the French of General Baron de Jomini, by 
Genl. S. V. Bene't, Chief of Ordnance. 



Jomini' s Grand Military Operations. 

2 vols. 8 vo,, and Atlas. Cloth, $15.00. Half Calf or Morocco, $21. Half Russia, 

$22.50. 

Treatise on Grand Military Operations. Illustrated by a Critical 
and Military History of the "Wars of Frederick the Great. With a 
Summary of the Most Important Principles of the Art of "War. By 
Baron de Jomini. Illustrated by Maps and Plans. Translated from 
the French by Col. S. B. Holabird, A. D. C, U. S. Army. 
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Rodenbongli's Everglade to Canon. 

Royal 8vo. Illustrated with Chromo-Lithographa. Extra Cloth. $7,50. 
Everglade to Canon, with the Second Dragoons (Second U. S. Cav- 
alry), an authentic account of service in Florida, Mexico, Virginia and 
the Indian Country, including Personal Recollections of Distinguished 
Officers. By Theo. F. Rodenbough, Colonel and Brevet Brigadier- 
General, U. S. Army. 

History of Brevets. 

Crown 8vo. Extra Cloth. $3.50, 
The History and Legal Effects , of Brevet3 in the Armies of 
Great Britain and the United States, from the origin in 1C92 until the 
present time. By Gen. James B. Fry, U. S. Army. 

Barre Duparcq's Military Art and History. 

8vo. Cloth. $5.00. 
Elements of Military Art and History. By Edward de la Barre* 
Duparcq, Chef de Bataillon of Engineers in the Army of France, and 
Professor of the Military Art in the Imperial School of St. Cyr. 
Translated by Colonel Geo. W. Cullum, U. S. E. 

Discipline and Drill of the Militia. 

Crown 8vo. Flexible cloth. $2.00. 

The Discipline and Drill of the Militia. By Major Frank S. 
Arnold, Assistant Quartermaster-General, Rhode Island. 



Wallen's Service Manual. 

12mo. Cloth. $1.50. 
Service Manual for the Instruction of newly appointed Commissioned 
Officers, and the Rank and File of the Army, as compiled from Army 
Regulations, The Articles of War, and the Customs of Service. By 
Henry D. Wallen, Bvi*. Brigadier-General U. S. Army. 



Boynton's History of West Point. 

Second Edition, 8vo. Fancy Goth. $3.50. 
History of West Point, and its Military Importance during the 
American Revolution ; and the Origin and Progress of the United 
States Military Academy. By Bvt. Maj. Edward C. Boynton, A. M., 
Adjutant of the Military Academy. .With 36 Maps and Engraving 
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Guide to West Point. 

18mo. Flexible Cloth, $1,00, 
Guide to West Point and the U. S. Military Academy. With 
Maps and Engravings. 

Barnard's C. S. A., and the Battle of Bull 

Run. 

8vo, Cloth, $2.00, 
The "C. S. A.," and the Battle of Bull Run. By Maj.-Gen. J. G. 
Barnard, U. S. Engineers. With five Maps. 

Barnard's Peninsular Campaign. 

8vo, Cloth. $1.00. 12mo. Paper. 30c. 
The Peninsular Campaign and its Antecedents, as developed by 
the Report of Maj.-Gen. Geo. B. McClellan, and other published 
Documents. By Maj.-Gen. J. G. Barnard, U. S. Engineers. 



Barnard's Notes on Sea-Coast Defence. 

8vo. Cloth. $2.00. 
Notes on Sea-Coast Defence: Consisting of Sea-Coast Fortifica- 
tion ; the Fifteen-Inch Gun ; and Casemate Embrasure. By Major- 
Gen. J. G. Barnard, U. S. Engineers. With an engraved Plate of 
the 15-inch Gun. 



Henry's Military Record of Civilian 
Appointments, TJ. S. A. 

2 Vols. 8vo. Cloth. $10.00. 

Military Record op Civilian Appointments in the United 
States Army. By Guy V. Henry, Brevet-Colonel U. S. A. 



Harrison's Pickett's Men. 

12mo. Cloth. $2.00. 
Pickett's Men. A Fragment of War History. By Col. Walter Har- 
rison. With portrait of Gen. Pickett. 



Todleben's Defence of Sebastopol. 

12mo. Cloth. $2.00. 
Todleben's (General) History of the Defence of Sebastopol. 
By William Howard Russell, LL.D., of the London Times. 
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Hotclxkiss and Allan's Battle of Chancellors- 

ville. 

8vo. Cloth, $5.00. 
The Battle-fields op Virginia. Chancellorsville, embracing the 
Operations of the Army of Northern Virginia. From the First Battle 
of Fredericksburg to the Death of Lt.-Gen. T. J. Jackson. By Jed. 
Hotchkiss and William Allan. Illustrated with five Maps and Por- 
trait of Stonewall Jackson. 



Andrews' Campaign of Mobile. 

8vo. Cloth. $3.50. 
The Campaign of Mobile, including the Co-operation of General 
Wilson's Cavalry in Alabama. By Brevet Maj.-Gen. C. C. Andrews. 
With five Maps and Views. 



Stevens* Three Years in the Sixth Corps. 

New and Revised Edition. 8vo. Cloth. $3.00 

« 

Three Years in the Sixth Corps. A concise narrative of events in 
the Army of the Potomac from 1861 to the Close of the Rebellion. 
April, 1865. By Geo. T. Stevens, Surgeon of the 77th Begt. New 
York Volunteers. Illustrated with 17 engravings and six steel portraits. 

Lecomte's War in the United States. 

12ma Cloth. $1.00. 
The War in the United States. A Report to the Swiss Military 
Department By Ferdinand Lecomte, Lieut.- Col. Swiss Confedera- 
tion. Translated from the French by a Staff Officer. 



Roberts' Hand-Book of Artillery. 

16nio. Morocco Clasp. $2.00. 
Hand-Book of Artillery. For the service of the United States 
Army and Militia. Tenth edition, revised and greatly enlarged. By 
Joseph Roberts, Lt.-Col. 4th Artillery and Brevet Maj.-General U. S. 
Army. 



Instructions for Field Artillery. 

12mo. Goth. $3.00. 
Instructions for Field Artillery. Prepared by a Board of Artil- 
lery Officers. To which is added the " Evolutions of Batteries," 
translated from the French, by Brig.-Gen. R Anderson, U. S. A. ,122 
plates. 
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Heavy Artillery Tactics. 

12mo. Cloth. $2.50. 
Heavy Artillery Tactics. — 1803. Instructions for Heavy Artillery.; 
prepared by a Board of Officers, for the use of the Army of the United 
States. With service of a gun mounted on an iron carriage and 39 
plates. 



Andersons' Evolutions of Field Artillery. 

24mo. Cloth. $1.00. 
Evolutions of Field Batteries of Artillery. Translated from 
the French* and arranged for the Army and Militia of the United 
States. By Gen. Robert Anderson, U. S. A. Published by order of 
the "War Department. 33 plates. 



Duane's Manual for Engineering Troops. 

12mo. Half Morocco. $2.50. 
Manual for Engineer Troops : Consisting of — Part I. Ponton Drill; 
II. Practical Operations of a Siege; III. School of the Sap ; IV. Mili- 
tary Mining ; V. Construction of Batteries. By General J. C. Duane, 
Corps of Engineers, U. S. Army. With 16 plates and numerous wood- 
cut illustrations. 



Cullum's Military Bridges. 

8vo. Cloth. $3.50. 
Systems of Military Bridges, in use by the United States Army; 
those adopted by the Great European Powers ; and such as are em- 
ployed in British India. With Directions for the Preservation, 
Destruction, and Re-establishment of Bridges. By Col. George W. 
Cullum, U. S. E. With 7 folding plates. 



Mendell's Military Surveying. 

12mo. Cloth. $2.00. 
A Treatise on Military Surveying. Theoretical and Practical, 
including a description of Surveying Instruments. By G. H. Mendell, 
Major of Engineers. With 70 wood-cut illustrations. 



Abbot's Siege Artillery Against Richmond. 

8vo. Cloth. 63.50. 
Siege Artillery in the Campaign Against Richmond. By Henry 
L. Abbot, Major of U. S. Engineers. Illustrated. 
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Haupt's Military Bridges. 

8vo. Cloth. $6.50. 
Military Bridges ; For the Passage of Infantry, Artillery and Bag- 
gage Trains ; with suggestions of many new expedients and construc- 
tions for crossing streams and chasms. Including also designs for 
Trestle and Truss-Bridges for Military Railroads, adapted specially to 
the wants of the Service of the United States. By Herman Haupt, 
Brig.-Gen. U. S. A., author of " General Theory of Bridge Construc- 
tions," &c. Illustrated by 69 lithographic engravings. 



Lendy's Maxims and Instructions on the 

Art of War. 

18mo. Cloth. 75c. 
Maxims and Instructions on the Art of "War. A Practical 
Military Guide for the use of Soldiers of All Arms and of all Coun- 
tries. Translated from the French by Captain Lendy, Director of the 
Practical Military College, late of the French Staff, etc., etc. 



Benet's Military Law and. Courts-Martial.T 

Sixth Edition, Revised and Enlarged. 8vo. Law Sheep. $4.50. i£i*d 
Benet's Military Law. A Treatise on Military Law and the Prac- 
tice of Courts-Martial. By Gen. S. V. Benet, Chief of Ordnance U. S. A., 
late Assistant Professor of Ethics, Law, &c, Military Academy, West 
Point. 

Lippitt's Special Operations of War. 

Illustrated. 18mo. Cloth. $1.00. 

Lippitt's Field. Service in War. 

12ma Cloth. $1.00. 



Lippitt's Tactical Use of the Three Arms, 

12mo. Cloth. $1.00. 



Lippitt on Intrenchments. 

41 Engravings. 12mo. Cloth. $1.25. 



Kelton's New Bayonet Exercise. 

Fifth Edition. Revised. 12mo. Cloth. $2.00. 
"New Bayonet Exercise. A New Manual of the Bayonet, for the 
Army and Militia of the United States. By General J. C. Kelton, 
U. S. A. With 40 beautifully engraved plates. 
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Craighiirs Army Officers' Companion. 

18mo. Full Rood. $2.00. 
The Army Officers' Pocket Companion. Principally designed for 
Staff Officers in the Field. Partly translated from the French of 
M. de Rouvre, Lieut.-Col. of the French Staff Corps, with additions 
from Standard American, French, and English authorities. By Wm. 
P. Craighill, Major U. S. Corps of Engineers, late Assistant Professor 
of Engineering at the U. S. Military Academy, West Point. 

Casey's U. S. Infantry Tactics. 

3 vols. 24mo. Cloth. $2.50. 
U. S. Infantry Tactics. By Brig.-Gen. Silas Casey, U. S. A. 3 vols., 
24mo. Vol. I. — School of the Soldier; School of the Company; In- 
struction for Skirmishers. Vol. II. — School of the Battalion. Vol. 
III. — Evolutions of a Brigade ; Evolutions of a Corps d'Armde. 
Lithographed plates. 

United States Tactics for Colored Troops. 

24mo. Cloth. $1.50. 
U. S. Tactics for Colored Troops. U. S. Infantry Tactics for the 
use of the Colored Troops of the United States Infantry. Prepared 
under the direction of the War Department. 



Morris* Field Tactics for Infantry. 

Illustrated. 18mo. Cloth. 75c. 
Field Tactics for Infantry. By Brig.-Gen. Wm. H, Morris, U. S. 
. Vols., late Second U. S. Infantry. 

Monroe's Light Infantry and Company Drill. 

32mo."i Cloth. 75c. 
Light Infantry Company and Skirmish Drill. Bayonet Fencing ; 
with a Supplement on the Handling and Service of Light Infantry. 
By J. Monroe, Col. Twenty-Second Regiment, N. G., N. Y. S. M. for- 
merly Captain U. S. Infantry. 

Berriman's Sword Play. 

Fourth Edition. 12mo. Cloth. $1.00. 
6word-Play. The Militiaman's Manual and Sword-Play without a 
Master. Rapier and Broad-Sword Exercises, copiously explained and 
illustrated; Small- Arm Light Infantry Drill of the United States 
Army ; Infantry Manual of Percussion Musket ; Company Drill of the 
United States Cavalry. By Major M. TV. Berriman. 
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Morris* Infantry Tactics. 

2 vols. 24mo. $2.00. 2 vols, in 1. Cloth. $1.60. 
Infantry Tactics. By Brig. -Gen. William H. Morris, XL S. Vols., 
and late U. S. Second Infantry. 



Le Gal's School of tlie Guides. 

16mo. Cloth. 60c 
The School of the Guides. Designed for the use of the Militia of 
the United States. By GoL Eugene Le GaL 

Duryea's Standing Orders of tlie Seventh. 

Regiment. 

New Edition. 16mo. Cloth. 60c. 
Standing Orders of the Seventh Regiment National Guards. 
By A. Duryea, Colonel. 



Heth's System of Target Practice. 

18mo. Cloth. 75c. 
System of Target Practice ; For the use of Troops when armed 
with the Musket, Rifle-Musket, Rifle, or Carbine. Prepared princi- 
pally from the French, by Captain Henry Heth, Tenth Infantry, 
U. S. A. 



Wilcox's Rifles and Rifle Practice. 

New Edition. Illustrated. 8vo. Cloth. $2.00. 
Rifles and Rifle Practice. An Elementary Treatise on the Theory 
of Rifle Firing ; with descriptions of the Infantry Rifles of Europe 
and the United States, their Balls and Cartridges. By Captain C. M. 
Wilcox, U. S. A. 



Viele's Hand-Book for Active Service. 

12mo. Goth. $1.00. 
Hand-Book for Actiye Service, containing Practical Instructions in 
Campaign Duties. For the use of Volunteers. By Brig.- Gen. Egbert 
L. Viele, U. S. A. 



Nolan's System for Training Cavalry Horses. 

24 Plates. Cloth. $2.00. 
Nolan's System for Training Cavalry Horses. By Kenner Gar- 
rard, Bvt. Brig.-Gen. U. S. A. 
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Arnold's Cavalry Service. 

Illustrated 18mo. Cloth. 75c 
Notes on Horses for Cavalry Service, embodying the Quality, 
Purchase, Care;, and Diseases most frequently encountered, with lessons 
for bitting the 1 Horse, and bending the neck. By Bvt. Major A. K. 
Arnold, Capt. Fifth Cavalry, Assistant Instructor of Cavalry Tactics, 
U. S. Mil. Academy. 

Cooke's Cavalry Practice. 

100 Illustrations. 12mo. Cloth. $1.00. 
Cavalry Tactics; Regulations for the Instruction, Formation and 
Movements of the Cavalry of the Army and Volunteers of the United 
States. By Philip St. George Cooke, Brig.-Gen. U. S. A. 
This is the edition now in use in the U. S. Army. 

Patten's Cavalry Drill. 

93 Engravings. 12mo. Paper. 50c. 
Cavalry Drill. Containing Instructions on Foot ; Instructions on 
Horseback ; Basis of Instruction ; School of the Squadron, and Sabre 
Exercise. 



Patten's Infantry Tactics. 

92 Engravings. 12mo. Paper. 50c. 
Infantry Tactics. School of the Soldier ; Manual of Arms for the 
Rifle Musket; Instructions for Recruits, School of the Company; 
Skirmishers, or Light Infantry and Rifle Company Movements ; the 
Bayonet Exercise ; the Small- Sword Exercise ; Manual of the Sword 
or Sabre. 

Patten's Infantry Tactics. 

Revised Edition. 100 Engravings. 12mo. Paper. 75c. 
Infantry Tactics. Contains Nomenclature of the Musket; School 
of the Company ; Skirmishers, or Light Infantry and Rifle Company 
Movements ; School of the Battalion ; Bayonet Exercise ; Small Sword 
Exercise ; Manual of the Sword or Sabre. 

Patten's Army Manual. 

8vo. Cloth. $2.00. 
Army Manual. Containing Instructions for Officers in the Preparation 
of Rolls, Returns, and Accounts required of Regimental and Company 
Commanders, and pertaining to the Subsistence and Quartermaster's 
Department, &c, &c. 
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